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FOSSILS: PREHISTORIC ANIMALS IN HOOSIER ROCKS 
By T. G. Perry 
INTRODUCTION 
How greatly man depends on materials obtained from rocks in 
the crust of the earth on which he lives! Oil, buried for millions of years 
beneath thousands of feet of rock, now powers ocean liners, propels 
locomotives, and is refined into gasoline for use in our cars; coal and 
iron are the lifeblood of today’s industry; limestone is quarried for 
building purposes; gold, silver, and diamonds are worked into jewelry; 
and satellites, constructed from substances once in the earth’s crust, 
serenely orbit our earth. If you live in a rural area, you may obtain water 
for drinking and household uses from porous water-saturated rocks that 
are tens of feet below the foundation of your house. As modern 
civilization is based on natural resources in the earth's crust, scientists 
have studied rocks intensively for the past century in order that the needs 
of our civilization and culture may be met. 
The study of rocks and their contents is the science of geology. 
One engaged in this fascinating work is called a geologist. The crust of 
the earth is made up of many rock layers or formations in much the same 
way as a book is composed of pages. Each rock layer represents a page 
in earth history, and the geologist, by studying rocks, turns the pages on 
which is written the history of our earth. Recorded human history 
extends through 7,000 years; geologic history, however, spans about 3 
billion years, the age of the oldest known rocks. 
Centuries ago men observed that some rocks contain objects 
which closely resemble shells of living creatures, such as clams and 
snails. Many remarkable theories, which seem naive in light of modern 
knowledge, were advanced by pioneers in geology to explain the 
presence of thes e specimens in rocks. But early scholars, such as 
Xenophanes, Cardanus, Palissy, and Leonardo da Vinci, realized the true 
nature of these puzzling rock-encased objects. For about the past 200 
years, geologists have agreed that these objects are really the remnants 
of once-living animals that populated the seas and lands scores of 
millions of years ago. Such organic remains are called fossils. 
The study of fossils is the science paleontology, one of the 
major subdivisions of geology; a student of fossils is called a 
paleontologist. The study of ancient life, which is a terse definition of 
paleontology, is fascinating and contributes greatly to the economic 
welfare of our country. The paleontologist deals with many aspects of 
the prehistoric creatures whose fossilized remains are preserved in rocks: 
their classification, their evolutionary development, their geographic 
distribution, their relationship to their environment (ecology), 
7 
8  FOSSILS: PREHISTORIC ANIMALS IN HOOSIER ROCKS 
and when they lived in geologic time. 
Fossils are abundant in Indiana’s rocks, and Hoosiers 
commonly seek information about these relics of ancient life from the 
Indiana Geological Survey. The primary purpose of this circular is to ac­
quaint you with some principles of paleontology and with the major 
kinds of fossils entombed in our rocks. Many of the fossils illustrated 
herein are found in the bedrock of Indiana, but others have been 
included to acquaint you more fully with the characteristics of the major 
groups of fossils. Another purpose is to stimulate interest in fossil 
collecting, a healthful pastime that may lead the younger reader to a 
rewarding career. This account of ancient life concludes with a list of 
books that deal largely with fossils and earth history. Fossilized remains 
of primitive vertebrates are not discussed as they are rare in Hoosier 
rocks. Prehistoric plant life in Indiana is not considered, as Canright 
(1959) has described recently plants that grew in Indiana in the geologic 
past. 
I am indebted to Howard Clark for drawing the fossils; to Pro­
fessor J. J. Galloway, of Indiana University, for supplying thin sections 
of stromatoporoids; and to Professor Aurele La Rocque, of The Ohio 
State University, for reading the manuscript critically. 
Most illustrations of fossils in this circular were drawn from 
specimens in the paleontologic collections of the Department of 
Geology, Indiana University; some illustrations, however, have been 
taken from textbooks. I am indebted to the Harvard University Press for 
permission to reproduce illustrations of Bigenerina wintoni and 
Spirolina arietina from the textbook “Foraminifera” authored by J. A. 
Cushman; to the Geological Society of America and the University of 
Kansas Press for permission to reproduce illustrations of sponge spicules 
published in Part E of the “Treatise onlnvertebrate Paleontology”; and to 
the McGraw-Hill Book Co. , Inc. for permission to use a diagram of a 
vertical section through a coelenterate polyp from Shrock and 
Twenhofel's textbook “Principles of Invertebrate Paleontology” and 
illustrations of Amnicola and Soleniscus from the textbook “Invertebrate 
Fossils” authored by Moore, Lalicker, and Fischer. 
PRINCIPLES OF PALEONTOLOGY 
PRESERVATION OF FOSSILS 
Many invertebrate animals have hard parts, such as shells or 
chitin, that form a protective armor. Chitin is similar to the tough 
substance in the wings of beetles, and shells are composed of lime.
              When a marine animal dies, its soft tissues disintegrate rap 
idly or are devoured by scavengers. The more resistant hard parts, 
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however, remain and come to rest on the floor of the sea, where they 
may be covered by sand or mud carried into the ocean by streams; or 
the remains may be buried beneath calcareous material precipitated 
chemically from the surrounding water. As geologic time passes, the 
deposits containing the hard parts are converted into rock (sandstone, 
shale, or limestone) by geologic processes. At a much later date in earth 
history, the sea may withdraw and expose the rock in which the skeletal 
parts of these marine animals are encased. Animals having only soft 
tissues are not apt to be preserved as fossils, but occasionally remains 
of such creatures are found. 
In many parts of the United States, such as in the Appalachian 
area, rocks have been buckled or highly folded by powerful forces in 
the earth’s crust. These greatly deformed rocks have lost their original 
characteristics and have developed new features. Such severe buckling 
obliterates any fossils that these rocks may have contained originally or 
renders them unidentifiable. Fortunately for the Hoosier collector, most 
rocks in Indiana are not deformed and are in the position in which they 
were formed many millions of years ago. 
Land-dwelling animals are not likely to be preserved as 
fossils. After death, their skeletons are dismembered by scavengers or 
decay. For example, complete skeletons of the American bison, which 
roamed the plains of western North America in vast herds a few 
decades ago, are rarely found today. 
The nature of the skeleton also affects the probability of its 
preservation as an identifiable fossil. Some invertebrates have skeletons 
which consist of many separate plates. After death of such an animal, 
the individual skeletal parts are disjoined and scattered widely; 
consequently, the paleontologist may find only fragmentary remains of 
these invertebrates. 
The fossil record does not represent completely life of the 
ancient past. Undoubtedly many animals possessing hard parts were not 
preserved; most s oft-bodied creatures died without leaving any trace of 
their former existence. Despite these discrepancies, however, we know 
a great deal about the major kinds of life that populated the lands and 
seas during the past 500 million years. 
Hard parts of organisms commonly undergo chemical changes 
after their burial in sediments (sand, mud, or calcareous material); 
many of these alterations are caused by circulating ground water that 
contains minerals in solution. For example, the calcium carbonate of 
shells is dissolved and replaced by silica (SiO2); this is known as 
silicification. In this process, removal of calcium carbonate by solution 
and deposition of silica takes place simultaneously. Shell material 
maybe replaced rarely by other substances, such as iron sulphide or 
iron oxide. Fossil shells, therefore, may not have 
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 the same composition as the shells of the living animal. 
Some organisms have skeletal parts composed of chitinous 
material. Chitin is a tough resistant substance that consists essentially of 
carbon, hydrogen, oxygen, and nitrogen. The latter three constituents are 
lost readily in fossilization; consequently, carbon, a chemically stable 
substance, remains as a shiny black film on the surfaces of rock layers. 
Your collection will contain traces of organisms that are known as 
molds and casts. These are forms of fossilization whose origin should be 
explained. Let us assume that a clam, whose soft tissues are between two 
protective shells, is covered after death by mud, which fills the cavity 
between the shells. The mud eventually is transformed to shale. Later the 
shells are removed by solution so that only the internal shale filling 
remains; such a filling is called an internal mold, and its surface bears 
imprints of the inner surface of the shells. External molds result when hard 
parts of an animal are pressed into sediments; the imprint of a tire in mud 
is a form of external mold. In contrast to molds, casts are a rare form of 
fossilization. Casts result from solution of hard parts and the later 
deposition of minerals from circulating ground water in the cavities so 
formed. Molds and casts, therefore, are not the actual organic remains of 
an animal but merely are traces of a prehistoric creature. 
Soft tissues are preserved as fossils so rarely that these remains of 
animals of long ago usually attract considerable attention. Probably the 
best known examples of this unusual kind of fossilization are entire 
mammoth carcasses that have been dug out of frozen river gravels in 
Siberia. Flesh of these large elephantlike animals, which roamed the 
northern hemisphere as recently as about 12, 000 years ago, allegedly has 
been thawed and fed to dogs. 
COLLECTING FOSSILS 
What equipment do you need to collect fossils? You should have 
a hammer and a cold chisel to remove fossils from rock such as limestone 
or sandstone. A sturdy knife is helpful in prying apart layers of shale. You 
should carry an ample supply of cloth bags or heavy paper sacks. Fossils 
from the same outcrop should be placed in the same bag. A label to record 
such pertinent data about the specimens as collection date, collecting 
locality, and the collector's name should be placed in each bag. A hand 
lens or magnifying glass is desirable, as it will enable you to examine 
small fossils more effectively. Few hobbies require such inexpensive 
equipment. 
Your finest specimens probably will be collected from weathered 
rock material near outcrops; such weathered material commonly 
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yields excellently preserved specimens that have weathered free from 
the enclosing rock. In some quarries (Collecting Locality 13) highly 
fossiliferous shale is discarded as worthless overburden during mining 
operations; after a few years fossils may be collected readily from this 
weathered rock. Recent exposures of bedrock made in road construction 
and quarry faces may prove unrewarding, as the removal of fossils from 
these recently uncovered rocks may be difficult. 
Small fossils, commonly known as microfossils because of 
their small size, may be overlooked at the outcrop. Weathered soil near 
outcrops may contain abundant microfossils, and certain kinds of rocks, 
particularly shale and limestone, may enclose fossils so tiny that they are 
overlooked at the outcrop. A collector should obtain several pounds of 
weathered soil from near the exposure and several hand specimens of the 
rock from each outcrop; this material can be examined later for 
microfossils. 
Small fossils can be recovered readily from weathered soil by 
washing and agitating the soil in water. After the small fossils have been 
allowed to settle, the muddy water is poured off carefully from the 
sample. After repeating this process severa l times, the poured off water 
is clear, and the sample is but a fraction of its original volume. The 
washed soil then is dried and examined with a hand lens or a low-power 
microscope for microfossils. 
Shales containing microfossils may be disintegrated by 
repeated boiling and drying in a solution of potassium hydroxide until 
the sample has broken down into a mudlike mass, which then is washed 
repeatedly in the same fashion as is a weathered soil sample. Excellently 
preserved silicified fossils can be freed from limestone. Silicified 
remains are insoluble in hydrochloric acid, but the lime stone 
surrounding them is dissolved readily. Consequently, when limestone 
blocks bearing silicified fossils are immersed in acid, the limestone 
dissolves, and the silicified remains accumulate gradually on the bottom 
of the container. This process proceeds more rapidly if the acid is 
changed every hour and is heated. 
Not all outcrops yield fossils; some exposures are unfossil­
iferous, and others may contain only a single fossil-bearing bed. In some 
outcrops, however, every bed will furnish the collector with a great 
number of different types of fossils. The fossil hunter should look 
elsewhere if he has found only a few specimens after an hour's search at 
an outcrop. Fossil collecting and fishing have one thing in common: 
both pastimes can be boring if one remains empty handed. 
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FOSSILS AND GEOLOGIC TIME 
The oldest rocks in the crust of the earth were formed about 3 
billion years ago; much younger rocks have ages that are measured in 
millions of years. Although geologists glibly speak of geologic age in 
terms of millions of years, such great spans of time are difficult to 
envision. You can, however, appreciate the duration of 3 billion years by 
the following comparison. Assume that 50 miles, approximately the 
dis tance from Bloomington to Indianapolis, represents all geologic time. 
If recorded human history spans approximately 7,000 years, historic 
time is represented on this 50-mile comparative scale by about 7 inches! 
Geologists have subdivided geologic time into units of different 
magnitude. The largest time unit is called an era (fig. 1); five eras 
include all geologic time. Rocks formed during the Archeozoic and 
Proterozoic Eras virtually lack fossils. In contrast, most sedimentary 
rocks (sandstone, shale, and limestone) of Paleozoic, Mesozoic, and 
Cenozoic age contain fossils. Each era is subdivided into shorter time 
units known as periods. Thus, the Paleozoic Era includes seven periods, 
which are (from oldest to youngest): Cambrian, Ordovician, Silurian, 
Devonian, Mississippian, Pennsylvanian, and Permian. The Cambrian 
Period is particularly interesting because the oldest abundantly 
fossiliferous rocks are of this age. Cambrian time began about 500 
million years ago; consequently, neglecting the rare fossils of 
Archeozoic and Proterozoic age, nearly 90 percent of geologic time had 
passed prior to the start of the fossil record. 
Fossils clearly show that many strange kinds of life have lived 
since the beginning of Cambrian time. Many large clans of marine 
invertebrates that thrived in Paleozoic time are now extinct. Most of 
these extinct races were widespread in ancient seas, contained many 
species, and probably were represented by countless millions of 
individuals. The factors which brought about the extinction of such 
formerly successful races remain a mystery. 
Paleontologic studies have shown conclusively that each major 
group of organisms has lived during a certain span of geologic time. 
Trilobites, far removed relatives of modern crabs, lived from the 
opening of the Cambrian to the close of the Permian (fig. 2); ammo nites, 
distant relatives of the pearly nautilus, evolved in late Silu rian time and 
became extinct at the close of the Cretaceous; and blastoids, common 
fossils in Hoosier rocks of Mississippian age, first appeared in 
Ordovician seas and became extinct at the close of the Paleozoic Era. 
Some major kinds of animals, such as nautiloids, were more abundant in 
the geologic past than they are today. 
At the start of its career in geologic time, a race has few indi­
viduals as judged by its sparse fossils. Following this humble be­
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Figure 1. --Geologic time scale and Indiana rock chart. 
From Indiana Geol. Survey Circ. 5. 
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                                       Figure 2. --Diagram showing abundances and geologic ranges   
                                              of trilobites, ammonites, blastoids, and nautiloids. 
ginning, the race rises to a climax when its fossils are abundant, 
widespread, and of many different types. The climax is relatively short 
in comparison with the total life span of the race. After attaining its 
climax, the race dwindles to extinction or to an insignificant place in 
modern faunas. This racial life pattern applies to so many different kinds 
of animals that the following paleontologic law may be formulated: 
races have humble obscure beginnings, attain a climax, and then decline 
to extinction or insignificance. 
Many groups of animals have a climax that spans one or 
possibly two geologic periods. Thus, great abundance of a particular 
group of fossils may indicate the age of the rocks in which the fossils are 
found. Consequently, if you note many blastoids in an outcrop, you 
conclude that you are collecting in rocks of Mississippian age; beds 
having many trilobites would be assigned to the Cambrian or early 
Ordovician; and strata furnishing many ammonites would be referred to 
the Jurassic or Cretaceous. In contrast, some kinds of animals have never 
been very abundant in the geologic past. Sponges, for example, have a 
lengthy fossil record that extends back to Cambrian time but have never 
been abundant except in local areas. Other kinds of animals, such as 
worms and sea cucumbers, have left a lengthy but meager fossil record. 
Perhaps you may now care to speculate on the longevity of the 
human race. Man, geologically speaking, is a biologic upstart, as he first 
appeared about 1 million years ago. Ancient human beings 
      15  PRINCIPLES OF PALEONTOLOGY
differed considerably in appearance from modern man, Homo sapiens, 
but may be regarded as our remote ancestors. From a humble origin 
several thousand years ago, man has enjoyed a meteoric rise to 
prominence. The rapid ascendancy of man may foreshadow an equally 
rapid decline to extinction, a fate which has befallen many kinds of 
formerly successful races. Such a pessimistic thought probably is 
unsound, as man, through his intelligence, can control his  environment 
and possibly his destiny. 
FOSSILS AND EVOLUTION 
Studies of fossils have assisted greatly in establishing the doc­
trine of Organic Evolution. The eminent English naturalist, Charles 
Darwin (1809-1892), first proposed the basic tenets of this  doctrine, 
which has been widely misunderstood. This theory does not attempt to 
explain the origin of life nor does this doctrine claim that our immediate 
forebears were monkeys or apes. 
Organic Evolution is a concept maintaining that presently 
living animals have descended from those of the geologic past and that 
simple primitive animals have undergone anatomical changes through 
millions of generations to produce more structurally complex animals. 
Consequently, all living animals are remote descendants of creatures that 
lived many millions of years ago. 
Several lines of evidence substantiate the doctrine of Organic 
Evolution but none so conclusively as the fossil record. Many emi nent 
scientists of several decades ago denied this doctrine until 
paleontologists discovered fossils that related living animals to extinct 
species of long ago. Such fossils, traced upward through progressively 
younger, more recently formed rocks, gradually develop the 
characteristics of presently living species which may differ greatly in 
appearance from their remote ancestors. 
The horse lineage is a classical example of evolution. Modern 
horses are large vertebrates that commonly scale more than 1, 200 
pounds. Strange as it may seem however, the fossil record clearly shows 
that modern horses are descendants of graceful multitoed leaf-eating 
animals about the size of a coyote that roamed woodland areas in 
western North America and Europe about 60 million years ago. 
Paleontologists have unearthed fossil horses whose body features are 
intermediate between those of the modern horse and its diminutive 
ancestor of early Cenozoic age. The fossil record demonstrates that 
horses increased gradually in size through Cenozoic time. By studying 
large numbers of fossil horses, paleontologists  have traced anatomical 
changes in the teeth, feet, and skull that led to the evolutionary 
development of the modern horse from small 
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fleet-footed ancestors of millions of years ago. 
After a few collecting trips in Indiana, your own collections 
will demonstrate that life changed as time passed. Place all your Ordo­
vician specimens at one end of a table and all your specimens from 
Mississippian rocks at the opposite end. Note that screw-shaped and lacy 
bryozoans and blastoids are abundant among your Mississippian fossils 
but are lacking in your Ordovician collections. Further note that you 
have collected stromatoporoids from Ordovician rocks but not from 
Mississippian beds. You will observe, of course, that brachiopods are 
abundant in both collections. Look more closely, however, and you will 
observe that not a single Ordovician brachiopod is like any specimen 
that you have collected from Missis sippian rocks. Consequently, you can 
see readily from your own collections of Indiana fossils that life changed 
as geologic time passed; this is the meaning of Organic Evolution. 
USES OF FOSSILS 
Although many fossils adorn museum cabinets, fossils are not 
merely decorative objects. They enable geologists to solve many 
problems and also appeal to zoologists, as fossils shed light on the 
ancestry of living animals. Fossils are of practical or economic value 
because they indicate the geologic age of the rocks in which they are 
found. The study of fossils also furnishes information concerning the 
position and extent of ancient continents and seaways. 
AGE DETERMINATION 
Some natural resources are restricted to certain rocks or are 
found abundantly in rocks of a particular geologic age; for example, 
most coal beds in North America are in rocks of Pennsylvanian, 
Cretaceous, or early Cenozoic age. As fossils indicate the age of the 
strata in which they are collected, they are extremely valuable in 
prospecting for natural resources. Consequently, a geologist would not 
prospect for coal in rocks dated by their fossils as Devonian. 
By studying fossils a paleontologist can determine which rocks 
in North America are of the same geologic age. If two outcrops, scores 
or hundreds of miles apart, contain similar fossils, the paleontologist 
knows that these rocks were formed at the same time. Animals of long 
ago, like modern creatures, lived over wide areas, and thus their 
fossilized remains are collected in many different parts of North 
America. Establishing similarity of the age of rock 
            17  PRINCIPLES OF PALEONTOLOGY
units is termed correlation, a geologic practice that originated about 150 
years ago. 
Tiny fossils, such as Foraminifera, are of great assistance in 
finding petroleum, as their small size enables them to be recovered intact 
from drill cores; larger fossils are broken in drilling operations and 
cannot be identified. When an exploratory well is drilled in an area that 
will be developed into a major oilfield, the paleontologist may observe a 
unique assemblage of Foraminifera in a rock layer above the oil-
producing horizon. This foraminiferal assemblage will be used as a 
guide for locating the oil-bearing bed in future drilling operations. 
You should now realize that remains of animals living millions 
of years ago are useful in determining the age of rocks and in finding 
natural resources on which modern civilization and culture are based. 
PALEOGEOGRAPHY 
In ancient geologic time the sea repeatedly covered large areas 
of North America. During the Paleozoic Era, for example, repetitious 
invasions of the sea flooded much of the Appalachian area in eastern 
North America and large parts of the Rocky Mountain region. The 
continental interior, including Indiana and adjoining states, repeatedly 
lay beneath the sea in Paleozoic time. The study of the location and 
extent of prehistoric lands and seas is the science of paleogeography, a 
subdivision of geology. You instantly ask: How do geologists know that 
large areas of North America were formerly under the sea? 
To answer this question, let us imagine a 200-foot rise in sea 
level. As a result, large areas about Hudson Bay, flat low-lying regions 
along the Atlantic coast, and lands in the lower Mississippi River Valley 
would be submerged. Sand and mud, brought into the advancing ocean 
by rivers flowing off nearby land areas, would cover and entomb the 
skeletal parts of many animals that had lived and died in this invading 
sea. Geologic processes would change sand and mud into the 
sedimentary rocks sandstone and shale, re spectively. 
Now let as assume that continental uplift caused a slow with­
drawal of the sea. Rocks formed in this sea then would be accessible 
for study. Fossils of marine animals, such as crinoids, sea urchins, 
brachiopods, and corals,  could be collected in sedimentary rocks 
formed in areas invaded by this hypothetical sea. By studying fossils 
over wide areas, geologists of the future would be able to plot 
shorelines of this hypothetical marine invasion. Similarly, 
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paleontologists, by recording the geographic occurrences of marine 
fossils, have determined the positions of lands and seas of the geologic 
past. 
The repeated invasions of the continents by the sea is a very 
startling aspect of earth history. Marine invasions and withdrawals have 
taken place very slowly. Indiana has been above sea level for the past 
200 million years; during this time dinosaurs and other bizarre reptiles, 
primitive mammals, and ancestral birds undoubtedly lived in Indiana. 
Such fascinating animals did not leave a fossil record in our State, as 
their skeletons decayed soon after death. 
CLIMATIC INDICATORS 
As you are aware, various kinds of animals live under different 
climatic conditions; this was undoubtedly true in the past. Climatic 
conditions under which living species flourish are fairly well under­
stood. Some species of animals still living thrived as long ago as early 
Cenozoic time. Consequently, when fossils of these species are found, 
possibly in rocks of middle Cenozoic age, the paleontologist infers that 
climatic conditions at that time were not unlike those under which the 
species live today. Few species of living animals existed in pre-Cenozoic 
time; consequently, our knowledge of these more distant climates is 
more inferential. 
Corals permit reasonable speculations about climatic conditions 
during Silurian and Devonian time. Studies of modern reef-forming 
corals show that they abound in shallow seas in which the temperature is 
not below about 70 degrees Fahrenheit. Reef-forming corals prospered 
at all latitudes during the Silurian and Devonian Periods. By analogy 
with modern corals, we presume that a mild equable climate prevailed 
over much of our earth during these periods. 
NAMING FOSSILS 
Most persons making their acquaintance with fossils are 
alarmed by the tongue-twisting names used in paleontology. In order 
that fossil species may be differentiated from one another, each species 
must have its own distinctive name. Paleontologists and zoologists 
employ a binominal system for naming species of animals. This method 
was devised by Linnaeus, a famous Swedish naturalist, in 1758. Under 
this system, each species, whether living or extinct, is known by two 
Latin or Latinized names; Latin is used to facilitate universal 
understanding of the names. Now let us consider an ex­
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ample of a species named in this fashion. The name Platystrophia 
ponderosa Foerste (fig. 13) has been applied to a particular brachiopod 
species whose shells are found abundantly in the Ordovician rocks of 
southeastern Indiana. The first word (Platystrophia ) in this designation 
is the generic name, which is written always with a capital initial letter, 
and the latter word (ponderosa ) is the specific name, which always has a 
small initial letter. The surname of the paleontologist who first described 
the species follows the specific name; A. F. Foerste (deceased), a well-
known American paleontologist, first recognized and described this 
brachiopod as a new species. 
The discoverer of a new species has the privilege of assigning a 
new name to it. The name should be selected carefully as it is by this 
name that the species shall be known throughout the scientific world for 
all time. Probably the most appropriate specific name is one that calls 
attention to some anatomical or structural feature of the species. 
Consequently, common specific names are spiniferus, rugosus, and 
grandis. Spiniferus, a Latin adjective meaning spine-bearing, suggests 
that the species bears prominent spines, possibly on its  body surface; 
rugosus, meaning wrinkled, generally alludes to the external appearance; 
and grandis, meaning large, suggests either that this species is larger 
than closely allied species or that some structure in the species is 
exceptionally large. 
Species maybe named in honor of a person who is a paleontolo­
gist, the collector of the first-found specimens, or one who has assisted 
the discoverer of the species in some manner. Species named meeki, 
gallowayi, schucherti, and fritzae were named in honor of Meek, 
Galloway, Schuchert, and Fritz, who are well known for their 
paleontologic work. 
The specific name of a fossil may suggest the collecting area 
from which specimens were first obtained. Some specific names locate 
the collecting area vaguely, but others pinpoint the collecting site more 
precisely. For example, many fossil species bear the specific name 
canadensis or americanus, signifying that the first-found specimens 
came from Canada or America. Some specific names indicate states 
from which specimens have been collected; for example, common 
specific names are iowensis, indianensis, and illinoisensis, which 
suggest collecting sites in Iowa, Indiana, and Illinois, respectively. Some 
specific names like crawfordsvillensis and lobelvillensis locate the 
collecting locality very accurately; Crawfordsville and Lobelville are 
towns in Indiana and Tennessee, respectively. 
Some specific names indicate the occurrence of the fossil spe­
cies in geologic time. Thus, a particular bryozoan species is called 
osgoodensis, as the first described specimens were obtained from the 
Osgood Formation of middle Silurian age. Similarly, specific names 
such as siluriensis and mississippiensis suggest that these spe­
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cies are found in rocks of Silurian and Mississippian age, respectively. 
You should remember that the same specific name must not be 
applied to two different species in the same genus but that the same 
specific name may be applied to a species in different genera; for 
example, the specific name ramosa  may be assigned to a species in the 
genus Hallopora  and to one in the genus Favosites. 
Most generic names call attention to a prominent character of 
the genus which enables it to be distinguished from closely related 
genera. Many generic names commemorate a renowned paletonologist. 
A generic name can be applied only to one group of animals; therefore, a 
race of corals and a clan of brachiopods must not bear the same generic 
name. 
Although many fossils have strange-sounding names, you 
should realize that such names are meaningful, as they impart 
information of some kind concerning the species. 
MEANING OF CLASSIFICATION 
You soon will be impressed with the many different kinds of 
fossils in your collection. Some specimens remind you of living 
crustaceans (crabs and lobsters), others of clams and snails, and still 
others are unlike any living creature. Fossil collecting demonstrates that 
ancient and modern life are equally varied. During the past 150 years our 
knowledge of prehistoric life has increased steadily and is now 
voluminous and detailed. The paleontologist must arrange our 
knowledge of fossils in an orderly manner in much the same way that a 
merchant arranges his stock in a logical fashion so that he can produce 
any item on demand from a customer. Orderly arrangement of 
paleontologic knowledge facilitates conversation about fossils and 
indicates how closely they are related to one another. Orderly grouping 
of fossil animals, as well as living creatures, is called taxonomy or 
classification. Paleontologists and zoologists have established so-called 
taxonomic units or compartments of which the most common are 
phylum, class, order, fa mily, genus, and species. 
You may consider a phylum as a large taxonomic unit which 
includes all animals having one or more major fundamental structures in 
common. Thus, all animals having a backbone, a very fundamental 
structure, are assigned to the phylum Chordata; this taxonomic 
compartment contains such animals as rats, birds, elephants, snakes, 
bats, fish, and human beings. All these animals are related remotely, as 
they have the same fundamental structure, a backbone. 
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Each phylum is divided into smaller taxonomic units known as 
classes. One of the five classes in the phylum Chordata is the 
Mammalia, which includes human beings and such animals as bats, 
seals, cows, apes, and dogs. In addition to having a backbone, all 
mammals nurse their young after birth and have hair on part or all of 
their bodies; the latter two features are characteristic of this class. The 
remaining four classes of the phylum Chordata include su ch well-known 
animals as fish, amphibians (toads and frogs), reptiles (snakes and 
lizards), and birds. All animals within a class are related to one another 
more closely than they are to animals in any other class; consequently, 
seals, whales, and bats (all mammals) are closer relatives to one another 
than they are to reptiles or birds. 
By similar reasoning, animals in successively smaller taxo ­
nomic units (order, family, genus, and species) are related very closely 
and have structures of lesser significance. For example, all species 
within the same genus are very close relatives and show only minor 
structural differences. 
To illustrate the hierarchy of taxonomic units, classification of 
the domestic dog and wolf follow: 
Dog Wolf 
Phylum Chordata ----------------------------- Chordata 
Class Mammalia -----------------------------Mammalia 
Order Carnivora ---------------------------- Carnivora 
Family Canidae -------------------------------- Canidae 
Genus Canis ---------------------------------------- Canis 
Species familiaris ----------------------------------- lupus 
The wolf and domestic dog obviously are close relatives; in 
fact, on casual glance, temperament seems the major distinguishing 
feature between these two species. This close biologic kinship is shown 
in their classification because, as is shown above, these species share all 
taxonomic units down to and including genus. 
A relationship exists between the size of a taxonomic unit and 
its range in geologic time. The larger a taxonomic unit the greater is its 
life span in geologic time. Consequently, a phylum generally has a 
longer geologic range than its classes; similarly, most classes extends 
through a greater span of time than their orders. By continuing this line 
of reasoning, you can see that the smallest taxonomic unit, species, lives 
through a very short interval of geologic time; some species are confined 
to a single rock formation or to a single layer in a formation. For this 
reason, species are most useful for making precise correlations between 
rock units. 
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PHYLUM PROTOZOA 
As you drive southward from Bloomington to Bedford along 
scenic Indiana Highway 37, you pass some of the largest and best known 
building stone quarries in the world. From the roadside you may watch 
quarrying operations by which blocks of building stone weighing many 
tons are freed from the bedrock and lifted gently by straining derricks 
from the lower levels of the quarry. This quarried stone is known as the 
Salem Limestone of Mississippian age and is prized highly as a building 
stone. Strange as it may seem, this limestone contains countless millions 
of shells of tiny invertebrate animals that paleontologists call 
Foraminifera, an order in the phylum Protozoa. Thus, one of Indiana's 
most widely known mineral products is composed largely of fossilized 
shells of small marine animals that lived in unbelievably large numbers 
in shallow Mississippian seas which covered the Hoosier State. Let us 
now focus our attention on protozoans and particularly on Foraminifera. 
A protozoan is a simple invertebrate animal whose body con­
sists of a single cell; in contrast, other invertebrates have bodies that are 
formed of many cells. Although they are single-celled animals, 
protozoans are physiologically complex creatures, as all functions 
necessary for the welfare of the individual, such as excretion, 
reproduction, and respiration, are carried out within a single cell. These 
functions are performed by the united action of many cells in all other 
animals. 
Protozoans thrive under a great variety of conditions. Many live 
in marine or fresh water; others live in soil; and some even dwell in the 
human digestive tract. These one-celled animals thus may be considered 
a very successful group of creatures because they can live contentedly in 
a great variety of environments. 
Most protozoans are less than 1 millimeter in size. Neverthe­
less, many form a shell or test that is made up commonly of calcium 
carbonate (CaCO3). Shell-forming protozoans have left an excellent 
fossil record that dates back to the Ordovician Period . Because fossil 
protozoans belong mainly to the order Foraminifera, only this kind of 
protozoans shall be discussed here. 
FORAMINIFERA 
Foraminifera are marine protozoans that generally secrete a 
shell called a test. These organisms thrived during Pennsylvanian, 
Cretaceous, and Tertiary time (fig. 1), and their tests are abundant 
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in marine strata of these ages. 
The average size of a foraminifer is less than half a millimeter; 
therefore a microscope is used in studying foraminiferal tests. Because 
of their small size, these fossils are recovered intact from drill cuttings, 
but shells of larger invertebrates are broken during drilling operations 
and cannot be identified. For this reason, Foraminifera are more useful 
to petroleum geologists than any other kinds of fossils. The geologist 
may never see exposures of the Foraminifera-bearing rocks which lie 
thousands of feet below the surface; nevertheless, Foraminifera indicate 
the geologic age of these rocks and their correlation. And so tiny 
animals, which lived and died many millions of years ago, assist the 
geologist in finding oil, one of our most vital natural resources. 
Nature of test.-A foraminiferal test or shell is composed 
commonly of calcareous material and may be imperforate, as in 
Cornuspira byramensis (fig. 3), or may have minute pores which pass 
through the test, as in Globigerina bulloides (fig. 3). Some Foraminifera, 
such as Ammodiscus exsertus (fig. 4), fashion a test consisting of mica 
flakes, sponge spicules, or sand grains, material which is obtained from 
their immediate surroundings; this kind of testis called agglutinate or 
arenaceous. Most living Foraminifera have calcareous tests; according to 
the fossil record, however, arenaceous Foraminifera are the more 
significant in pre -Mississippian time. 
Foraminiferal tests consist of one or more chambers or loculi. 
Figure 3. --Typical Foraminifera. 
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One-chambered tests are called monothalamous or unilocular, 
and tests of two or more chambers are called polythalamous or multi­
locular. Let us now become acquainted with two fora miniferal species 
that are found in Hoosier rocks. Saccammina (fig. 4) from beds of 
Silurian age has a monothalamous test which is composed of sand 
grains, and Endothyra baileyi (fig. 4), whose shells are found in astro­
nomical numbers in the Salem Limestone of Mississippian age, has a 
polythalamous test composed of several chambers. In polythalamous 
tests adjacent chambers are separated by an internal wall or partition 
known as a septum (plural, septa). Each septum bears small openings 
called foramina (singular, foramen), a name which suggested the name 
of this protozoan order. The external line of contact between adjacent 
chambers, as can be seen clearly in Endothyra baileyi , is a suture. 
Monothalamous tests show many shapes. Orbulina universa 
(fig.3) has a nearly spherical test; Saccammina (fig. 4) displays a pear 
shaped test; Lagena hexagona  (fig. 3) has a flask-shaped shell; species 
of Hyperammina (figs. 3 and 4) have tests that are long and tubular; 
and Ammodiscus exsertus (fig. 4), a species from Silurian rocks of Indi 
ana, has an arenaceous test consisting of a tube coiled in a single 
plane. Monothalamous tests may be calcareous or arenaceous; 
Orbulina universa  (fig. 3) has a calcareous perforate test, and Psammo­
sphaera cava (fig. 4) has a spherical shell composed of sand grains. 
Polythalamous tests vary greatly in shape. Nonion depressulum 
Figure 4. --Fossil Foraminifera common in Indiana. 
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(fig. 3) has a planispiral test (one whose chambers are coiled in a single 
plane about an axis), and Globigerina bulloides (fig. 3) has chambers 
which are coiled in a spiral or conical fashion. If the chambers are 
arranged in a line, the test is uniserial. Textularia grahamensis (fig. 3) 
displays a biserial test (one composed of two alternating rows of 
chambers). Strange as it may seem, some Foraminifera have tests in 
which the early- and late-formed chambers differ in their arrangement. 
For example, the first-formed chambers in Spirolina arietina  (fig. 3) are 
distinctly coiled, but later chambers are added in a uniserial manner. 
Bigenerina wintoni (fig. 3) has biserially arranged chambers in the early 
stage of test development, but later chambers are clearly uniserial. Tests 
revealing two different types of chamber arrangement, as do those of 
Spirolina arietina  and Bigenerina wintoni, are said to be biformed. 
Many tests have a distinct opening called an aperture through 
which reproductive bodies formed within the test escape. Many 
monothalamous tests, as do those of Lagena hexagona  (fig. 3) and 
Saccammina (fig. 4), have a simple round aperture. Cornuspira 
byramensis (fig. 3), a monothalamous species, has a round aperture at 
the end of a coiled tube. Many polythalamous Foraminifera, such as 
Nonion depressulum (fig. 3), show a narrow slitlike aperture at the base 
of the last formed chamber or septum. 
Paleontologists have probably described more than 30, 000 spe­
cies of Foraminifera; these have been assigned to hundreds of genera 
belonging to some 40 families. In classifying Foraminifera particular 
attention is accorded to three features of the shell: (1) the composition of 
the wall, (2) the shape of the test, and (3) the position and shape of the 
aperture. 
Geologic history.-Some objects from rocks of Precambrian and 
Cambrian age have been regarded as foraminiferal tests. Most 
paleontologists do not consider these objects as Foraminifera, and some 
doubt the geologic age of the beds containing them. Undisputed 
Foraminifera, however, have been found in Ordovician rocks. 
During Pennsylvanian and Permian time (fig. 1) a great clan of 
Foraminifera known as fusulinids flourished. The genus Fusulina (fig. 4) 
typifies these Foraminifera; most of them are several millimeters long 
and are shaped like grains of wheat. Internal structures of fusulinids can 
be observed only by microscopic examination of thin sections of their 
tests. Fusulinids are widespread, develop different structures rapidly 
with the passage of time, and are spectacularly abundant; for these 
reasons, fusulinids are very useful for recognizing formations of 
Pennsylvanian and Permian age. Fossils having a restricted range in 
geologic time are called index fossils. Fusulinids and other Foraminifera 
are excellent index fossils by which formations can be identified and 
mapped over wide areas. 
 26 FOSSILS: PREHISTORIC ANIMALS IN HOOSIER ROCKS 
Foraminifera are not abundant in rocks of Triassic and Jurassic 
age. Marine rocks of Cretaceous and Tertiary age, however, contain 
large numbers of foraminiferal tests. Thus, since the start of the 
Cretaceous, these tiny animals have been one of the most abundant kinds 
of marine life. 
Distribution in Indiana .-Do rocks in the Hoosier State contain 
Foraminifera? Most assuredly, yes ! In our State the oldest Foraminifera 
have been obtained from rocks of early Silurian age. Middle Silurian 
strata have yielded such species as Webbinella quadripartita  (fig. 4), 
Webbinella gibbosa  (fig. 4), Ammodiscus ezsertus (fig. 4), and 
Hyperammina harrisi (fig. 4). These and other species of middle 
Silurian age have arenaceous tests. 
Shells of Endothyra baileyi (fig. 4) are unbelievably abundant 
in the Salem Limestone of Mississippian age. Several thousand tests of 
this species have been found in 1 cubic inch of this rock! The Cleveland 
quarry (Collecting Locality 16) is an excellent hunting ground for 
Endothyra baileyi; here weathered detrital material on the quarry floor 
contains many tests of this species, which can be seen with a hand lens 
or magnifying glass after the material has been washed. 
Fusulinids, such as Fusulina (fig. 4), are found in some lime­
stones of Pennsylvanian age in Indiana but have not been studied 
extensively. Most of our Pennsylvanian rocks are sandstone and shale 
and do not contain fusulinids; presumably these rocks were formed in 
environments in which fusulinids could not live. 
PHYLUM PORIFERA 
You undoubtedly know these sessile marine animals as 
sponges. These seafloor tenants have lived since the dawn of Cambrian 
time, but their fossilized remains are rare except in local areas. Un­
fortunately, Hoosier rocks contain few sponges. Poriferans have not 
evolved a great deal; living sponges fashion skeletal parts that resemble 
those of their distant ancestors in Cambrian seas. 
Unlike protozoans, sponges have a simple digestive cavity that 
is surrounded by a three-layered body wall.  The central layer, known 
as the mesogloea, is of particular interest to us because it contains 
tiny preservable structures called spicules; much of our knowledge of 
fossil sponges is based on these structures.  The simplest spicule is a 
monaxon (fig. 5) and is a straight or slightly curved tiny rod that may 
have a smooth or uneven surface; spicules of this type are in Cambrian 
and younger rocks. Another kind of spicule (fig. 5) has three  rods 
which lie in the same plane and are attached at a common point; 
this spicule is called triradiate. Other types of 
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Figure 5. --Types of sponge spicules. 
sponge spicules (fig. 5) are illustrated so that you may appreciate the 
variety of shapes that they display. 
PHYLUM COELENTERATA 
Let us consider coelenterates in some detail because Hoosier 
rocks contain an excellent record of these invertebrates. Coelenterates of 
Silurian and Devonian age tended to form reefs similar to the Great 
Barrier Reef, which parallels the east coast of Australia for several 
hundred miles. The upper surface of a reef may be very slightly above 
sea level and supports a rich growth of corals and other invertebrates. 
The living animals on the reef grow on top of the remains of countless 
generations of their ancestors, which flourished thousands or even 
millions of years before the reef attained its present size. In Silurian and 
Devonian time, reefs, whose upper surfaces may have been awash 
during violent storms, dotted the shallow seas covering northern and 
central Indiana. The organic material forming these prehistoric reefs has 
been altered to lime stone. Quarries now operate in these ancient reefs 
and supply us with crushed stone so useful in road construction and 
agricultural lime. Just imagine increasing the fertility of your fields by 
spreading over them the pulverized remnants of incalculable generations 
of animals which lived and died in the sea scores of millions of years 
ago! 
Coelenterates such as hydroids, sea anemones, jellyfish, and 
corals thrive in modern oceans as they did in prehistoric seas. Except for 
some hydroids, all coelenterates are marine animals. Some members of 
this phylum, such as jellyfish, are solitary ani­
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mals, but others, such as 
corals, are colonial organisms. 
The most common fossil 
coelenterates are stroma­
toporoids and several large 
groups of extinct corals. 
The individual 
coelenterate has a three-
layered body wall and is 
known as a polyp (fig. 6). The 
outer layer of the wall is the 
ectoderm, and the inner layer 
is the endoderm. The ectoderm 
forms calcareous material 
which is readily fossilized. The 
polyp has a distinct mouth, 
which leads into a digestive 
 Figure 6. --Diagram of vertical
cavity or stomach. Food is 
section through coelenterate captured by hollow tentacles 
polyp. which en circle the mouth. A 
tough chitinous hydrotheca or 
exo skeleton protects the soft-
bodied polyp. In colonial coelenterates, such as corals, the colony 
consists of many polyps, each of which functions as a single animal. 
Each polyp houses itself by building a tube of calcareous material 
in which it lives. 
STROMATOPOROIDEA 
Stromatoporoids are extinct coelenterates that formed large 
hemispherical, columnar, or irregular masses or grew over other fossils. 
Stromatoporoids are sessile marine animals which appeared in 
Ordovician time and became extinct at the close of the Devonian Period. 
Their fossilized remains are usually found with corals and bryozoans. 
Stromatoporoids may be easily overlooked in collecting because 
externally they may not look like fossils. They may be recognized, 
however, by their banded or layered appearance. The individual bands 
are several millimeters apart and result from changes in their rate of 
growth; these bands are analogous to growth rings observed on the end 
of a sawed log. 
Internal structures.-Microscopic examination of internal 
structures as shown in thin transparent slices of the animal reveals that 
stromatoporoids fall into two groups. Stromatoporoids of Ordovician 
age, such as Labechia huronensis (fig. 7), have bodies composed largely 
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 Labechia huronensis Anostylostroma confluens 
Figure 7. --Vertical sections of common stromatoporoids. X15. 
of structures known as cysts that are curved outward. In addition to 
cysts, the bodies of some Ordovician stromatoporoids, such as Labechia 
huronensis, have pillars that cross the cysts. Specimens of Silurian and 
Devonian age, such as Anostylostroma confluens (fig. 7), form the 
second group. Their bodies are composed of closely spaced layers or 
laminae that are somewhat undulatory or wavy. Thin rodlike pillars may 
join adjacent laminae or may pass through several laminae. 
Stromatoporoids commonly grow over corals, and so thin sec­
tions of such specimens may show corallites as well as stromatoporoid 
structures. 
Stromatoporoids are not related closely to any extinct or living 
.invertebrate animals. The nearest relatives of stromatoporoids probably 
are the living hydroid genera Hydractinia and Millepora . Although some 
paleontologists of the past have suggested that stromatoporoids are not 
coelenterates, present-day scientists place them in the phylum 
Coelenterata and regard them as an order of the class Hydrozoa. 
Distribution in Indiana.-You can fill your collecting bag with 
stromatoporoids from Hoosier rocks of Ordovician, Silurian, or Devo­
nian age. Several formations of late Ordovician age contain many 
stromatoporoids. Although stromatoporoids are rare in some Silurian 
formations, they are abundant in a Silurian reef exposed during low 
water level at the Falls of the Ohio (Collecting Locality 9). 
Stromatoporoids are abundant in our Devonian rocks, particularly at the 
France Stone Co. quarry (Collecting Locality 8) and the Meshberger 
Stone Co. quarry (Collecting Locality 12). 
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ANTHOZOA 
Anthozoans, popularly called corals, are sessile marine inver­
tebrates which have bequeathed us an imposing fossil record in 
Ordovician and younger rocks. Many corals, such as Lithostrotionella 
castelnaui (fig. 8) and Halysites catenularia (fig. 8), are colonial animals 
consisting of many closely associated polyps; the coral colony is called a 
corallum. Each polyp in the corallum fashioned a calcareous tube in 
which it lived a sheltered life; these tubes are corallites. In contrast, 
some corals like Streptelasma rusticum (fig. 8) and Heterophrentis 
prolifica (fig. 8), are solitary animals, most of which are conical in 
shape. 
Nature of skeleton.-Corals have many kinds of skeletal 
structures, but two, septa (singular, septum) and tabulae (singular, 
tabula), are particularly worthy of mention. Let us first take a look at 
septa.
 As is shown in the diagram of a corallite of Columnaria alveolata 
Figure 8. --Common fossil corals in Indiana. 
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(fig. 8), a common late Ordovician species, septa are lathlike partitions 
that are attached to the corallite walls, extend throughout the length of 
the corallite, and project from the walls toward the center of the 
corallite. Now let us look down on the larger end of a coral such as 
Streytelasma rusticum (fig. 8), which you can collect readily in the 
Ordovician rocks of southeastern Indiana. You see at once prominent 
linelike markings which extend from the walls of the coral toward its 
center. As you probably realize, these linear structures are the upper 
edges of the lathlike septa. Similarly, the lined or gently ribbed surface 
of the sides of Streptelasma rusticum is caused by the outer edges of the 
internal septa. Some corals, like Heteroyhrentis prolifica (fig. 8), have 
septa so well developed that their inner margins have entwined and have 
formed a rodlike pillar in the center of the coral. In striking contrast, 
some species, such as Halysites catenularia  (fig. 8), lack septa. 
Now let us consider tabulae which are shown by the diagram of 
a corallite of Columnaria alveolata (fig. 8). Tabulae are thin calcareous 
platforms that extend from wall to wall across the interior of the corallite 
and thereby divide the tube into compartments. Most tabulae are closely 
spaced so that the distance between adjacent tabulae is less than the 
diameter of the corallite. Paleontologists believe that tabulae mark 
growth stages in the development of the corallite. As the corallite grows, 
the polyp moves upward and forms a tabula immediately beneath itself; 
just prior to death, the polyp rests on the last-formed tabula. 
Geologic history.-Anthozoans appeared in early Ordovician 
seas and are abundant in today's oceans, as shown by many atolls and 
reefs in tropical regions of the Pacific. After their appearance in 
Ordovician seas, corals soon became prominent animals in ancient 
marine faunas. In Silurian and Devonian time corals belonging to two 
great orders, Tetracoralla and Tabulata, formed widespread reefs in 
shallow inland seas that flooded North America in those bygone days. 
Corals were common in Mississippian and Pennsylvanian time but were 
not prone to form reefs during that stage of their history. Tetracorals and 
tabulate corals became extinct at the close of the Permian Period as did 
many other kinds of marine animals, such as fusulinids, two great orders 
of bryozoans, and blastoids. Is it not remarkable that several once-
flourishing races perished at a particular stage in earth history? 
Fossil corals are not common in rocks of early Triassic age. In 
late Triassic time, however, another great race of corals, the 
Hexacoralla, appeared on the stage of life. This order flourished and 
formed reefs in Jurassic and younger seas. In North America, however, 
the fossil record of hexacorals is not as impressive as that of tetracorals 
and tabulate corals. 
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Distribution in Indiana.-Corals such as Columnaria alveolata 
(fig. 8) and Streptelasma rusticum (fig. 8) may be found readily in rocks 
of late Ordovician age in southeastern Indiana. Columnaria alveolata is 
an index fossil, as its large coralla are obtained only in certain beds of 
the Ordovician rock sequence, 
Silurian and Devonian strata in the Hoosier State abound in 
corals; Halysites catenularia (fig. 8) is a verydistinctive Silurian species, 
and Heterophrentis prolifica (fig. 8) is characteristic of the Devonian. 
Hoosier rocks of these ages contain many coral reefs which probably 
required millions of years and countless thousands of generations of 
corals for their formation. Modern reef-forming corals grow most 
vigorously in water whose depth does not exceed 150 feet and whose 
temperature is about 70 degrees Fahrenheit. Coral reefs of Indiana 
probably reflect similar conditions of growth. 
Lithostrotionella castelnaui  (fig. 8), a colonial coral, probably 
is the most common species in our rocks of Mississippian age. Corals 
are rare in Pennsylvanian beds in Indiana. 
PHYLUM BRYOZOA 
Wooded hills and deeply carved stream valleys make Jefferson, 
Switzerland, Ohio, Dearborn, and Franklin Counties in southeastern 
Indiana a very scenic part of the State. This region is underlain by shale 
and limestone that were laid down in late Ordovician seas. Not only is 
this region scenically attractive, but also it is one of the most renowned 
fossil-co llecting areas in North America. The weathered surfaces of 
shale exposures are strewn with excellently preserved fossils; treasured 
prizes of ancient Hoosier life may be picked up readily in stream beds; 
and many gullies on hillsides yield handsome specimens. 
Although these beds contain many kinds of fossils, bryozoans 
are particularly abundant in them. Indeed, the best bryozoan collecting 
localities in North America are found in southeastern Indiana and 
adjacent parts of Ohio and Kentucky. Further, lime stone beds of 
Mississippian age in south-central Indiana, especially in Crawford, 
Lawrence, Monroe, and Orange Counties, are rich in bryozoan remains; 
some resemble a miniature rose trellis, and others have a distinctive 
screwlike appearance. 
EXTERNAL FEATURES 
Prehistoric bryozoans built colonies which either were attached 
to the seafloor or grew over the shells of other marine animals. 
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Bryozoan colonies are called zoaria (singular, zoarium) that vary greatly 
in shape. Hallopora ramosa  (fig. 9) of late Ordovician age has a twiglike 
zoarium whose surface is uneven; Heterotrypa frondosa  (fig. 9) of 
Ordovician age has a frondlike colony, as is suggested by its specific 
name; and Monticulipora parasitica (fig. 9), another Ordovician species, 
constructs a thin sheetlike zoarium that encrusts brachiopod shells. 
Limestone beds of Mississippian age contain many species of the genera 
Fenestella and Archimedes (fig. 9). Fenestella species build delicate 
zoaria somewhat reminiscent of a small rose trellis, as they consist of 
slender branches united by crossbars. Archimedes is a most distinctive 
fossil because of its screwlike appearance. 
Now let us examine a twiglike zoarium more closely, 
preferably with the aid of a hand lens or magnifying glass. You will note 
instantly that its surface displays many small openings, each less than 1 
millimeter in dia meter. Each opening (aperture) is the entrance to a long 
slender tube, called a zooecium (plural, zooecia). When the colony was 
alive, perhaps 350 million years ago, each zooecium was inhabited by a 
living individual. I trust you have noticed a fundamental similarity 
between colonial corals and bryozoans. The coral colony or corallum 
consists of tubes known as corallites, and the bryozoan colony or 
zoarium includes many tubelike zooecia; each corallite and zooecium 
was the home of a living organism. 
Some  zoaria, such as those of Hallopora ramosa  (fig. 9), have 
their surface studded with conical protuberances that are known as 
monticules. Under your magnifying glass or even with the unaided eye, 
you will note that the zooecial apertures in the monticules are somewhat 
larger than those between the monticules. Many bryozoans
               Figure 9. --Common bryozoans in Indiana. 
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have monticules, but their function in the life of the colony remains a 
mystery. 
INTERNAL FEATURES 
Internal features of bryozoans are observed by studying thin 
transparent slices or sections of the zoarium under a microscope. One 
section, known as the tangential section, is parallel to the surface of the 
zoarium, and the other, known as the longitudinal section, is 
perpendicular to the surface of the zoarium. 
Let us now look at the tangential section of Heterotrypa 
frondosa  (fig. 10), a strikingly abundant Ordovician species. Zooecial 
apertures appear as subangular or subround openings which are 
separated by the wall material of adjoining zooecia. You also will note 
subangular openings in this section which are considerably smaller than 
a typical zooecial aperture. These are mesopores, which are rare in some 
bryozoans but outnumber the zooecia in other species. Now look at the 
wall material separating adjacent zooecial apertures. In places you will 
note small round openings that are bordered by dark distinct walls. 
These openings are called acanthopores. In some species acanthopores 
are lacking, and in others they are very abundant. 
A longitudinal section of Heterotrypa frondosa  (fig. 10) shows 
that the tubelike zooecia are crossed by many thin horizontal lines. What 
are these lines? They are the cut edges of thin horizontal 
Figure 10. --Longitudinal (left) and tangential sections
 of Heterotrypa frondosa . X 20. 
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partitions called diaphragms, which extend across the zooecium and 
divide it into many compartments. Here again note the resemblance of 
bryozoans to colonial corals in which the corallites are divided into 
compartments by horizontal partitions called tabulae. Mesopores, when 
viewed in longitudinal section, are slender tubes which also are crossed 
by closely spaced diaphragms. Acanthopores appear as minute light-
colored canallike tubules or passageways in the zooecial wall. 
GEOLOGIC HISTORY 
Bryozoans are rare in Cambrian rocks but have been 
conspicuous seafloor tenants since Ordovician time. Why should 
bryozoans be so rare in Cambrian time when innumerable specimens 
belonging to hundreds of different species inhabited seas during the 
following Ordovician Period? The question remains unanswered. During 
Paleozoic time two great orders, Trepostomata and Cryptostomata, left 
impressive fossil records; both orders became extinct at the end of the 
Paleozoic Era. Trepostomatous bryozoans flourished in Ordovician time, 
when many of them built twiglike zoaria. Cryptostomatous bryozoans, in 
contrast, prospered in Mississippian seas, and many fashioned delicate 
trellislike colonies. 
Triassic and Jurassic rocks contain few bryozoans. Cretaceous 
time, however, saw bryozoans evolve and spread with renewed vigor. 
About 400 genera live in today's oceans; but, because of their 
inconspicuous mode of life, they do not attract our attention as do more 
striking marine animals, such as starfish, colorful snails, and 
crustaceans. 
DISTRIBUTION IN INDIANA 
Bryozoans are prominent fossils in Hoosier rocks. Late Ordo­
vician rocks in southeastern Indiana abound in bryozoans; excellently 
preserved zoaria weather free from Ordovician shale and impure 
limestone and may be collected in large numbers. Some Ordovician beds 
contain so many specimens that zoaria are in contact and make up the 
great bulk of the rock. Among the more common Ordovician species are 
Hallopora ramosa  (fig. 9) and Heterotrypa frondosa  (figs. 9 and 10); 
Monticulipora parasitica  (fig. 9), which encrusts brachiopod shells, is a 
distinctive but less common species. 
Rocks of Silurian and Devonian age are not as rich in bryozoan 
remains as are beds of late Ordovician age. You may, however, collect 
many twiglike specimens of middle Silurian age at the Vail 
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Stone Co. quarry (Collecting Locality 6). 
Bryozoans are exceedingly abundant in many Mississippian 
rocks. Many species of the spectacular genus Fenestella  can be collected 
in these beds. Fenestella has a zoarium consisting of many slender 
nearly parallel branches that are joined in places by crossbars known as 
dissepiments. Two rows of zooecial apertures may be observed on one 
side of the branches, but none appear on the dissepiments. Mississippian 
strata also are rich in Archimedes (fig. 9), a most unusual genus whose 
species can be recognized by their screwlike shape. 
Hoosier rocks of Pennsylvanian age usually contain few bryo­
zoans, but in some localities small twiglike colonies may be found in 
thin limestone beds. 
PHYLUM BRACHIOPODA 
Let us in imagination go back in time some 300 million years 
when your property lay perhaps 100 feet beneath the tranquil surface of 
an ancient ocean. The area now occupied by your neatly trimmed front 
lawn or by your choice pastureland then served as an anchoring site for 
bryozoans and corals, which thrived in the warm shallow water. 
Seaweeds grew up from the bottom and swayed lazily in gentle currents. 
Snails and clams, similar to those seen on your visits to the sea coast, 
crawled sluggishly along the seafloor. Gro tesque prehistoric fish swam 
awkwardly or nestled motionless on the sea bottom. Here are some 
animals unknown to me that are competing for anchorage space with 
bryozoans and corals. These strange invertebrates, like clams, have two 
limy shells but, unlike clams, are fastened to the bottom by a pulpy stem. 
Here is one of these strangers with its shells spread apart to expose the 
soft tissues between them. What are these shelled creatures? They are 
brachiopods, a group of marine animals whose shells are found 
plentifully in our rocks. If you wish to visit a splendid hunting ground 
for prehistoric brachiopods, spend a day at Jefferson Lake (Collecting 
Locality 1), picturesquely cradled among the wooded hills of Jefferson 
County in southern Indiana. Fossil hunters enjoy collecting brachiopods 
as their shells are well preserved, abundant, and widespread. 
Brachiopods are marine invertebrates which live either attached 
to the seafloor or to the shells of other marine animals.  The most 
striking feature of a brachiopod is its two calcareous shells or valves 
(fig. 11). A fleshy stalk, known as a pedicle, anchors the fully grown 
animal to the seafloor. The rarely preserved pedicle emerges from one 
of the valves through a small hole (the pedicle 
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                 Figure 11. --Brachiopod profiles. 
opening), as is well shown in the common Mississippian species 
Composita trinuclea (fig. 13). The valve containing the pedicle opening 
is called either the pedicle or ventral valve. The opposite valve is called 
the brachial or dorsal valve, as it houses rarely preserved structures 
(brachia) that are used for breathing and feeding. The brachial valve is 
generally somewhat smaller than the pedicle valve. Unlike the shells of 
most clams, the two valves of a brachiopod are unequal in size. 
SHAPE AND PROFILE OF SHELLS 
Brachiopod valves vary in shape from species to species; mem­
bers of the same species, however, have the same shape. Many 
brachiopods are crudely rectangular or squarish in outline; some are 
ovate or shield shaped; and some are neatly round. Therefore, 
brachiopods differ greatly in shape as do human beings! 
Like human beings, brachiopods differ from one another in pro­
file or side view. Hold one of your specimens so that the brachial valve 
is on your left and the pedicle valve on your right. In this specimen both 
valves are convex, and the profile is biconvex (fig. 11). Another 
specimen has a profile that is dorsi-convex, as the dorsal valve is more 
convex than the ventral (fig. 11). A third specimen has a flat brachial 
valve that is overlapped by a convex ventral valve, and thus this shell 
has a plano-convex profile (fig. 11). Finally, a specimen of a late 
Paleozoic brachiopod has a concave brachial valve that fits snugly into 
the highly convex pedicle valve; this specimen has a concavo-convex 
profile (fig. 11). 
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MEASUREMENTS AND SYMMETRY OF VALVES 
When paleontologists describe a brachiopod shell, they com­
monly state its length, width, and thickness. Figure 12 shows where 
these measurements, which are reasonably constant for all members of 
the same species, are made. Many brachiopods in your collection range 
from half an inch to 2 inches in length and width; most of your 
specimens probably are less than 1 inch thick. Figure 12 also shows the 
positions of the posterior, anterior, and lateral margins of a brachiopod 
shell. The line of union along which the two valves are 
Figure 12. --Brachiopod and pelecypod symmetry. 
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in contact laterally and anteriorly is called the commissure (fig. 12). 
Posteriorly, the valves unite along the hinge line (fig. 12) about which 
the shells turn or rotate when the valves are opened or closed by the 
internal muscles. (The rotation of the valves about the hinge line may be 
understood by pressing together the margins of two books held so that 
their opposite margins are separated by a short distance; each book 
represents one shell of a brachiopod. The line along which the margins 
of the books unite corresponds to the hinge line. Now, spread the books 
apart while keeping their margins firmly together; note how each book 
turns or rotates about their joined margins.) 
Although pelecypods and brachiopods both have their soft body 
tissues encased by two sturdy valves, these invertebrates differ strikingly 
in their symmetry (fig. 12). In brachiopods a plane of symmetry 
extending from the center of the posterior and anterior margins divides 
the specimen into two equal halves that are mirror images of each other. 
In contrast, pelecypods are symmetrical with respect to a plane between 
the valves (fig. 12). 
EXTERNAL FEATURES OF SHELLS 
Many of your specimens will have the central-posterior part of 
each valve pointed and arched over the hinge line; this is partic ularly 
noticeable in the pedicle valve. This area of the valve is called the beak 
(fig. 12), a prominent structure in some species and inconspicuous in 
others. 
A few of your specimens will have smooth shells, but most 
display ridges that fan outward from the beaks to the anterior and lateral 
margins of the valves. These ridges are called either striae or costae 
according to their prominence. Costae, shown well in Lepidocyclus 
capax (fig. 13), are more prominent and may rise as much as 1 
millimeter above the general surface of the shell. Striae are lower ridges, 
such as are observed in Rafinesquina alternata (fig. 13), and may pass 
unnoticed. 
Some brachiopods in your collection show a troughlike depres­
sion extending from the beak of the pedicle valve to its anterior margin. 
This depression, which generally deepens and widens anteriorly, is 
called the sulcus; it is well shown in the Devonian species Platyrachella 
oweni (fig. 13). The brachial valve of Platyrachella oweni has a 
similarly located ridge that is called the fold. If you examine the anterior 
margin of a brachiopod having a fold and sulcus, such as Platystrophia 
ponderosa (fig. 13), you will notice that the fold and sulcus interlock 
and thereby tend to prevent lateral slippage of the shells. 
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Some excellently preserved brachiopods show delicate spines 
attached to the surface of the valves, particularly near the posterior 
margins. These spines are so fragile that they are found rarely on fossil 
shells; small holes or pits, however, on the surface of the valves may 
mark where spines were once fastened. Spine-bearing brachiopods are 
especially common in late Paleozoic rocks. Spines assist the pedicle in 
anchoring the anima l to the seafloor. 
INTERNAL FEATURES OF VALVES 
The valves of a brachiopod may separate from one another after 
death. Should these valves weather free from the surrounding rock,
                           Figure 13. --Typical brachiopods in Indiana. 
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they may reveal structures found on their inner surfaces. Such structures 
are very useful in classifying brachiopods. 
Internal structures are not described here in detail because they 
vary so greatly in shape and location that their recognition is difficult for 
the amateur collector. Interiors of some shells show pronglike or 
spurlike structures near the central part of the hinge line which are used 
to lock the valves together; specimens having these distinctive structures 
are called articulate brachiopods. You may recall that muscles between 
the valves function to open or close the shells. The inner surface of a 
valve may show ovate or fan-shaped areas, slightly depressed below the 
inner surface of the shell, which mark places where muscles formerly 
were attached. 
GEOLOGIC HISTORY 
At the dawn of the Paleozoic Era, brachiopods inhabited Cam­
brian seas, which spread slowly over eastern and western North 
America. Except for trilobites, brachiopods were the most abundant kind 
of animals in these ancient seas. Most clans of Cambrian brachiopods 
became extinct before the close of Devonian time. 
Brachiopods thrived during the remainder of the Paleozoic Era, 
and rocks of this age are crowded with brachiopod valves. Many 
brachiopod species are excellent index fossils, as they lived through a 
short interval of geologic time, and thus they may be used to identify 
rock formations. Brachiopods underwent rapid evolution in Ordovician 
time when 14 brachiopod clans made their appearance on the stage of 
ancient life. The close of the Paleozoic Era witnessed a great change in 
brachiopod faunas because most Paleozoic genera became extinct at that 
time. Consequently, Paleozoic and Mesozoic brachiopod faunas differ 
considerably. 
Brachiopods dwindled throughout the Mesozoic and Cenozoic 
Eras so that now only about 200 species, assigned to perhaps 50 genera, 
live in present-day oceans. In sharp contrast, nearly 1,500 genera and 
possibly 25,000 species of fossil brachiopods have been described, 
mostly from rocks of Paleozoic age. 
BRACHIOPODS IN INDIANA 
After several collecting trips you will conclude that 
brachiopods are the most abundant invertebrate fossils in Hoosier rocks.. 
Most outcrops east of a line joining Hammond in northwestern Indiana 
and Cannelton in south-central Indiana contain brachiopods. These 
fossils are especially plentiful in rocks of Ordovician age that crop 
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out in southeastern Indiana, particularly in Ripley, Jefferson, Dearborn, 
Switzerland, and Ohio Counties. Some beds, as much as 2 feet thick, in 
these counties contain so many brachiopods that their shells are in 
contact; a rock of this kind is called a brachiopod coquina. Conchidium 
laqueatum (fig. 13), a husky Silurian species, forms a brachiopod 
coquina that is exposed in a quarry near Delphi in north-central Indiana 
(Collecting Locality 5). 
West of a line joining Hammond and Cannelton, thin beds of 
limestone and dark shale that are associated closely with coal seams 
contain brachiopods of Pennsylvanian age. Specimens from dark shale 
commonly have a dull bronze luster because iron sulphide (the minerals 
pyrite or marcasite) has replaced the original shell material. 
PHYLUM MOLLUSCA 
During an afternoon stroll an observant nature lover may notice 
many snails lying in streams or crawling sluggishly on stems and leaves 
of pond plants . He may see others in dark secluded places in woodland 
areas. If you have an aquarium, you undoubtedly keep in it a few snails 
to devour the waste material excreted by their fellow captives and 
thereby keep the aquarium clean. If you have returned from a holiday to 
the seashore, you may now have colorful clam shells on your mantel to 
remind you of your vacation. What are these animals? Have they left a 
fossil record in Hoosier rocks? 
Snails and clams are mollusks, a prominent group of inverte­
brate animals  whose fossil shells are found in Cambrian and younger 
rocks.. The most important living kinds of mollusks are assigned to the 
classes Gastropoda (snails) and Pelecypoda (clams). Most mollusks have 
an external calcareous shell, which is formed by the mantle, a soft 
membranous tissue that lines the inner surface of the shells. Many 
mollusks, such as snails, have a distinct head, which bears well-
developed eyes and other sensory organs. Mollusks can live in many 
environments; some dwell in the sea, others live in streams and lakes, 
and many have developed a primitive lung which allows them to live on 
land. Mollusks have a highly organized nervous system, a complicated 
suite of muscles, and an efficient reproductive system; these animals 
indeed are well equipped to cope with the trials of life. 
In addition to clams and snails, the phylum includes many free-
swimming marine animals that are placed in the class Cephalopoda. 
Cephalopods, in turn, include three great races: Nautiloidea (fig. 14, 
Michelinoceras), Ammonoidea (fig. 14, Muensteroceras parallelum), and 
Belemnoidea (fig. 14, Belemnitella bulbosa ). Ammonites, extinct since 
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the end of Cretaceous time (fig. 1), thrived mainly in Mesozoic seas. As 
our State lacks Mesozoic rocks, ammonites will not be discussed here, 
although you may find rarely specimens of Muensteroceras parallelum 
(fig. 14) in our rocks of Mississippian age. Belemnites, such as 
Belemnitella bulbosa  (fig. 14), which fashioned a cigar-shaped shell, 
also flourished in Mesozoic oceans and so will not be considered here. 
Nautiloids will be discussed, however, because they are common fossils 
in our Ordovician rocks (fig. 2), as are clams and snails. 
PELECYPODA 
Clams have their soft body tissues protected by two shells or 
valves. Unlike snails and cephalopods, clams do not have a distinct 
head. Some clams live contentedly in fresh water; others live in brackish 
water, such as prevails in estuaries; and many live in the sea. Most clams 
have a wedge-shaped foot extending beyond the lower or ventral 
margins of the valves by which they inch along 
Figure 14. --Typical mollusks. 
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laboriously from place to place. Clams range greatly in size; the smallest 
can be held on a small watchglass and the largest scales several hundred 
pounds. Our knowledge of clams of the geologic past is based largely on 
their fossilized valves. 
The two valves of the clam are joined together dorsally along a 
hinge line by muscles and by interlocking pronglike teeth and deeply 
recessed sockets. The teeth of one valve fit snugly into sockets of the 
other valve; unlike brachiopods, each valve bears teeth and sockets. 
Clams are symmetrical with respect to a plane that passes between the 
valves (fig. 12). As you may observe readily, both pelecypod valves are 
similar in size and shape. Pelecypod shells, unlike those of brachiopods, 
which differ in size and outline, are called equivalve. The earliest-
formed part of each shell is the beak (fig. 12), which generally points 
toward the anterior margin of the shell. Growth of the animal is 
indicated by lines concentric about the beak. Some shells have ridges 
that fan outward from the beaks to the margins of the shell. 
The valves of a pelecypod are held firmly together by powerful 
muscles. When the animal dies, the muscles relax, and the valves open 
or spread apart. For this reason many fossil clams are found with their 
shells agape. Although muscles holding the valves together are not 
preserved, markings on the inner surface of the shells may indicate the 
former positions of muscles. 
Clams are rare in Cambrian rocks but are a thriving group 
today. In the Ordovician rocks of Indiana internal and external molds of 
clams are common, but not abundant, fossils. The fossil clam, 
Byssonychia praecursa  (fig. 14), is from the Ordovician of Indiana. 
Except for Ordovician strata and in certain Pleistocene sediments 
pelecypods are rare in most Hoosier rocks. 
GASTROPODA 
Snails can live under a great variety of conditions, as they now 
inhabit the deeper parts of the sea as well as surf-beaten near shore 
areas; thrive in stagnant ponds; populate lakes at high latitudes;  and 
dwell in lagoons where brackish water conditions maintain. The shell of 
most snails, formed by the mantle lining its interior, is coiled in some 
fashion as is shown by Succinea (fig. 14); however, a few snails, such as 
the modern limpet, have noncoiled conical shells. You can tell 
gastropod genera and species apart by the shape and other features of 
their shells. The snail plods slowly from place to place on a 
muscular foot which may be withdrawn into the principal opening of the 
shell. The animal lives in a shell which is perched on top of its 
foot; thus the gastropod is truly at home in any 
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situation, as its residence travels with its owner. 
Although a few gastropods have shells that are coiled in a hori­
zontal plane, like a coiled garden hose lying on a lawn, most have shells 
that are coiled about a vertical axis. These shells are conispiral and are 
exemplified by Succinea (fig. 14) and Soleniscus (fig. 14). One complete 
turn or rotation of the shell about the axis of coiling is called a whorl, 
and the line of union between adjacent whorls is called the suture. The 
lowermost or last-formed whorl of the shell is known as the body whorl, 
an appropriate name because the animal inhabits the body whorl. The 
remaining whorls of the shell constitute the spire. The large opening in 
the body whorl is  designated the aperture, and the opposite pointed end 
of the shell is called the apex. 
The oldest gastropods are found in rocks of Cambrian age. 
Snails have increased steadily since the Cambrian, and possibly the 
climax of this flourishing race lies in the future. Gastropods can 
expectably be found in all Hoosier rocks but are not exceedingly 
abundant in any particular formation except possibly the Salem 
Limestone (Indiana limestone) of Mississippian age in which many 
excellently preserved small specimens may be obtained. You may also 
collect gastropods, most of which resemble living snails, by sieving 
some of the beds of silt or marl which were deposited when glaciers 
spread across Indiana a few tens of thousands of years ago. Succinea, 
Amnicola, and Triodopsis, shown in figure 14, are snails found in 
Indiana’s Pleistocene deposits. 
NAUTILOIDEA 
Free-swimming mollusks, known as nautiloids, made their 
appearance in Cambrian time, rapidly evolved, and assumed a prominent 
position in marine faunas of Ordovician age. Since the close of 
Ordovician time, nautiloids have dwindled steadily, and now this 
formerly great race is represented in present-day oceans by the single 
genus Nautilus. Many nautiloids found in Hoosier rocks belong to the 
genus Michelinoceras (fig. 14). Some nautiloids of the geologic past 
were about 15 feet long and must have been formidable animals that 
were not often challenged for supremacy of prehistoric oceans. 
The nautiloid shell is essentially a tapering cone that may 
be straight, slightly curved, or even tightly coiled.  Like the shell of 
other mollusks, this shell is formed by the soft-tissued mantle lining its 
inner surface. The exterior of the shell may be smooth, show fine 
linelike markings which encircle the shell, or may display conspicuous 
ridges as in some species of Michelinoceras (fig. 14). 
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Most specimens of fossil nautiloids show only the external features of 
the shell. Rarely, however, you may find a weathered specimen which 
shows that the space within the shell is divided into many compartments 
or chambers by horizontal internal partitions, known as septa (singular, 
septum), which extend across the shell's interior. 
Nautiloids are common fossils in Hoosier rocks of Ordovician 
and Silurian age, but they are overshadowed by bryozoans, brachiopods, 
and corals. Straight, tapering shells, some nearly 8 inches in diameter, 
predominate in these rocks. Devonian and younger rocks in Indiana 
contain few nautiloids. 
PHYLUM ARTHROPODA 
This phylum includes such common invertebrates as beetles, 
spiders, roaches, flies, crabs and lobsters, mosquitoes, mites, gnats, ticks, 
locusts, moths, barnacles, centipedes, wasps, and ants. No other phylum 
includes so great a variety of animals. Scientists have recognized and 
described more than 1 million species of arthropods, which live in a 
great variety of environments including the cold lightless depths of the 
sea, the parched lands of desert regions, the dank gloomy interiors of 
caves, and the forbidding terrane of tundra areas. Some winged 
arthropods, such as dragonflies, fly rapidly and gracefully, and others, 
lacking wings, crawl awkwardly or run with great agility. 
Paleontologists and zoologists judge the prosperity of a phylum by the 
abundance and diversity of its members and their ability to live under a 
great variety of conditions; by these standards, Arthropoda is the most 
prosperous of all invertebrate phyla. 
The arthropod has a body composed of segments bearing 
jointed limbs or appendages that are used for locomotion. Strange as it 
may appear, jaws are merely one or more pairs of highly modified limbs 
! Arthropods are bilaterally symmetrical (symmetrical with respect to a 
plane) and have the mouth and anus located at opposite ends of the 
body. Many have a chitinous exoskeleton, which may be impregnated 
with limy material. The exoskeleton protects the internal soft tissues and 
increases the chances of preservation of arthropods after death. Many 
arthropods have spectacularly complex eyes, others have simple eyes, 
and some must endure sightless lives. As those who have frantically 
slapped mosquitoes on a fishing trip well know, many arthropods 
reproduce at enormous rates; this ability has contributed greatly to the 
prosperity of the phylum and to the misery of mankind. 
The imposing fossil record of the arthropods begins about 500 
million years ago in early Cambrian time (fig. 1), when trilobites, 
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a large clan of marine arthropods, dominated Cambrian oceans the world 
over. Other arthropods are known from Paleozoic rocks. You maybe 
surprised to learn that centipedes and insects have been unearthed in 
Pennsylvanian rocks; mayflies in strata of Permian age; and spiders in 
Silurian beds. Imagine finding remains of a spider that lived scores of 
millions of years ago or the wing of a Pennsylvanian insect so faithfully 
preserved that its venation can be seen clearly! Fossilized insects, 
spiders, and centipedes are found so rarely that most paleontologists 
have not had the good fortune to collect such treasures of ancient life. 
One arthropod class, Trilobita, has greatly intrigued amateur 
collectors and professional paleontologists. Well-preserved specimens of 
trilobites make handsome trophies of a collecting trip, but patience is 
required to find such specimens, as they are not common. Fragmentary 
remains of trilobites, however, may be collected without difficulty. 
TRILOBITA 
Trilobites (fig. 15) are extinct exclusively marine arthropods 
that crawled sluggishly in the mud of Paleozoic seafloors, darted over 
rocky sea bottoms, or floated or swam in ancient oceans. A typical 
trilobite is about 2 inches long , but some are less than half an inch in 
length, and giants of the race measured fully 2 feet. A sturdy chitinous 
exoskeleton, readily capable of fossilization, covered the dorsal or upper 
side of the animal and protected the underlying soft tissues. The ventral 
or lower side of the trilobite lacked an exoskeleton. A pair of jointed 
legs was attached to each segment in the central part of the body, and 
two delicately segmented antennules extended forward from the lower 
side of the head. Legs and antennules are preserved rarely as fossils. 
You may regard trilobites as very distant ancestors of such living 
arthropods as lobsters and crabs, which resemble trilobites in appearance 
and mode of life. 
The name Trilobita alludes to the major and transverse 
divisions of the body which are well shown in lsotelus gigas (fig. 15), a 
large species of Ordovician age. Along its length three distinct divisions 
of the body are noted: the anteriorly located cephalon or head, the 
centrally situated thorax, and the posterior region known as the 
pygidium or tail. Three distinct divisions or lobes run from front to rear 
and make up the width of the body. The centrally located axial lobe 
extends from within the cephalon to within the pygidium and is flanked 
on either side by a pleural lobe; both pleural lobes are similar in 
appearance. 
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Trilobites, like many arthropods, grew by a series of molts. At 
each molt the protective exoskeleton was discarded, and during these 
defenseless stages in their lives hungry nautilo ids and primitive fish 
likely found them tasty morsels.
                                                               Figure 15. --Indiana trilobites. 
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Cephalon.-The cephalon is the front part of the body and varies in 
shape from species to species; the posterior or rear margin of the cephalon, 
however, is straight or gently curved. The head accounts  for one-quarter to 
one-half the length of the body in most trilobites. Paleontologists identify 
trilobites largely by features of the head. Let us now examine some of the 
main characters of the cephalon as shown by the large Ordovician species 
lsotelus gi gas (fig. 15). 
The term glabella is applied to that part of the axial lobe which is 
found in the cephalon; thus, the glabella forms the central axial region of 
the head. The glabella is somewhat uparched above the general level of the 
cephalon and varies greatly in shape and prominence from species to 
species. The surface of the glabella may be smooth as in lsotelus gigas or 
uneven as in the Silurian species Dalmanites halli  (fig. 15). The glabella 
may show furrows or grooves extending partially or entirely across its 
width as is shown by the well-known species Calymene niagarensis (fig. 
15); this species also has a glabella whose margins are distinctly lobed. 
The glabella in some trilobites extends to the anterior margin of the 
cephalon but in others may be restricted to the central-posterior part of the 
head. 
You may observe a crescentic ridge that is about 2 or 3 milli­
meters long on either side of the glabella. Each ridge supports an eye. 
Some trilobites, such as the common Devonian species Phacops rana (fig. 
15), have extremely complex eyes, which maybe composed of several 
thousand individual facets, each a fraction of a millimeter in size. Well-
preserved specimens show eye facets clearly under a low-power lens. 
Think of being able to count eye facets in a trilo bite that prowled about 
Indiana scores of millions of years ago, when the Hoosier State was the 
floor of an ancient ocean ! Some trilobites, in contrast, had simple eyes, 
and others, without eyes, possibly spent much of their lives crawling 
sluggishly and blindly through mud on the bottom of a prehistoric ocean 
where vision would not be an asset. 
Thorax.-As is shown in lsotelus gigas (fig. 15), the thorax sepa­
rates the cephalon and the pygidium and, unlike the cephalon, consists of 
clearly defined segments. Some trilobites have only 2 thoracic segments, 
and others have nearly 50. Members of the same species generally have the 
same number of thoracic segments. The thorax is always clearly distinct 
from the head, but in many specimens the boundary between the thorax 
and the pygidium is not well defined. A thoracic segment consists of three 
parts: a central axial segment that is bounded on either side by a pleuron 
(plural, pleura). The pleura may be extended laterally into elongate spines. 
In many trilobites the thorax is clearly a flexible region of the body, as 
enrolled specimens may be found in which the thorax is sharply 
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curved so that the pygidium lies beneath the cephalon. Thoracic 
segments commonly become dismembered after the trilobite dies, and 
consequently our rocks contain isolated segments. 
Pygidium.-The pygidium or posterior part of the exoskeleton is 
formed of segments that may be distinct or largely fused so that 
individual segments cannot be seen. In size the pygidium may be a small 
flangelike plate or may account for nearly one-half the length of the 
body. As a rule, trilobites having many thoracic segments display a 
small pygidium. In some trilobites the cephalon and pygidium are 
remarkably similar in size and shape. The axial lobe may reach the 
posterior margin of the pygidium or may end in the anterior part of the 
tail region. The margins of the pygidium may bear spines. Like the 
cephalon, the pygidium differs in form and size from species to species. 
Geologic history.-The oldest Cambrian rocks contain many 
different kinds of trilobites. Although trilobites have not been found in 
rocks of Precambrian age, their abundance and diversity in early 
Cambrian time suggest that they had been evolving for many millions of 
years prior to the dawn of the Paleozoic Era. Trilobites domi nated 
Cambrian faunas, and their fossilized remains enable geologists to 
identify formations of this age. Trilobites remained a promi nent race 
until the middle of the Ordovician Period, when they began to wane. 
You will find few of these fascinating animals in strata of post-Devonian 
age. Trilobites survived until Permian time, when the last species of this 
formerly thriving race became extinct. 
You naturally raise the question: What caused the extinction of 
trilobites? Scientists cannot answer this question with certainty. The first 
vertebrate animals, grotesque fishlike creatures, entered the biologic 
stage in Ordovician time and may have started the tri lobites on their path 
to extinction. Somewhat later in geologic time, in the Silurian Period, 
large ungainly arthropods, called eurypterids, became relatively 
abundant and shared the same kind of environment with trilobites; 
perhaps trilobites may not have been able to compete with these giant 
arthropods, which may be 6 feet long. Whatever the reason, trilobites 
perished nearly 200 million years ago and are now known only by their 
fossils. 
Distribution in Indiana.-The oldest exposed rocks in Indiana 
were formed in the closing part of the Ordovician Period, and thus tri­
lobites had reached their racial climax before the start of the Hoosier 
rock record. Trilobites are most abundant in our Ordovician rocks, in 
which, with patience, you may collect several specimens during an 
afternoon. Fragments of Isotelus (fig. 15) and a species of Calymene 
(fig. 15) are the most common Ordovician trilobite remains in our 
Ordovician rocks. Isotelus is one of the larger trilobites; some specimens 
may be about 12 inches long. 
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Excellently preserved trilobites, such as Calymene niagarensis 
and Dalmanites halli (fig. 15), may be obtained from rocks of Silurian 
age. Trilobites may be found in Devonian rocks but are overshadowed 
greatly in these beds by stromatoporoids, brachiopods, corals, and 
bryozoans; Phacops rana (fig. 15) is one of the best known Devonian 
species. Mississippian and Pennsylvanian rocks contain very few 
trilobites. 
Most stamp collectors will tell you that the value of a stamp is 
enhanced by its rarity. The same applies to trilobites. Your collections 
may not contain many trilobites, but you will treasure each specimen 
fondly. 
PHYLUM ECHINODERMA 
Undoubtedly you are familiar with the starfish, a very 
distinctive marine animal that is illustrated in many biology textbooks 
used in high schools and indeed is pictured in many elementary books 
that are read by grade-school children. Do you know that the starfish is 
probably the best-known member of the Phylum Echinoderma? Are you 
further aware that many starfish feed in a most unique manner? The 
arms of many starfish are studded with powerful suction cups or suckers 
so that in feeding the starfish seizes a mussel or other shelled animal, 
attaches the suckers firmly to the shells of its victim, and wrenches the 
shells apart in order to gorge itself on the tasty internal parts of the 
hapless animal. Perhaps a particularly greedy starfish captures an 
intended victim which is too large to be swallowed. The ingenious 
starfish is not at all perplexed by this seemingly awkward situation 
because it promptly extrudes its stomach, which envelops and digests the 
unfortunate victim. Truly a starfish is a remarkable animal! 
Most echinoderms have their soft tissues enclosed by many 
calcareous plates that collectively form the calyx; these plates are well 
shown by Eucalyptocrinites crassus (fig. 16), an extinct species of 
Silurian age. After an echinoderm dies, the calyx plates commonly 
become disjoined so that complete skeletons of some echinoderms are 
rare. Most echinoderms have an internal system of canals in which water 
circulates through the body; these canals, which generally are not seen in 
fossil specimens, collectively form the hydrovascular system. No other 
group of marine invertebrates has either such a distinctive skeleton or a 
hydrovascular system; consequently, echinoderms are distinguished 
easily from all other kinds of animals. 
Echinoderms fall into two large categories, the subphyla Eleu­
therozoa and Pelmatozoa. An eleutherozoan can walk or crawl about 
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the seafloor, but a pelmatozoan must be content to remain anchored to 
the bottom throughout its adult life. Further, an eleutherozoan, such as a 
starfish, feeds directly through its mouth as do most other kinds of 
animals. In contrast, food enters the mouth of a pelmatozoan only after 
passing along food grooves which converge on the mouth. Pentremites 
godoni (fig. 16) and Pentremites welleri (fig. 16), common extinct 
species in Mis sissippian rocks, clearly show these linear depressions 
(food grooves) that are slightly below the surface of the calyx. A free-
moving echinoderm may be placed in one of three classes: 
Holothuroidea (sea cucumbers), Echinoidea (sand dollars and sea 
urchins), or Stelleroidea (starfish and brittle stars). An attached or sessile 
echinoderm may be assigned to one of four classes: Edrioasteroidea, 
Blastoidea, Cystoidea, or Crinoidea. In present-day oceans you can find 
members of all three classes of free-moving echinoderms; but, among 
sessile echinoderms, only crinoids now live. Cystoids, edrioasteroids, 
and blastoids have been extinct for scores of millions of years, as these 
races perished during the Paleozoic Era. 
Several echinoderm classes, namely, Cystoidea, Edrioaster­
oidea, Holothuroidea, and Stelleroidea, have left sparse fossil records 
and thus are not considered herein because you are not apt to find 
remains of these animals in Hoosier rocks. Nevertheless, cystoids 
belonging to the genus Holocystites may be found rarely in rocks of 
Silurian age near Osgood in Ripley County. The class
     Figure 16. --Indiana echinoderms. 
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Echinoidea is represented abundantly in marine rocks of Cretaceous and 
Tertiary age (fig. 1), but echinoids are rare in rocks older than the 
Cretaceous and thus will not be discussed. The classes Blastoidea and 
Crinoidea will be considered, however, as you may find many 
specimens of these classes in our rocks. Blastoids, indeed, are common 
and attractive fossils and make handsome trophies of a collecting trip. 
BLASTOIDEA 
Blastoids, such as Pentremites godoni (fig. 16) and Pentremites 
welleri (fig. 16), are marine animals which lived attached to the seafloor 
during much of Paleozoic time. Rare in Ordovician time, blastoids rose 
to a conspicuous place among marine faunas of Mississippian age. For 
some inexplicable reason, blastoids barely survived the Mississippian 
Period, for their fossils are rare in Pennsylvanian rocks; during Permian 
time the last blastoid species died. Unlike many echinoderms, complete 
calyces or skeletons of blastoids are common, especially in soil and 
weathered rock material near outcrops of Mississippian age, and are 
prized highly by fossil collec tors. 
Calyx.-The blastoid calyx is ovate or hemispherical; many are 
about 1 inch long and about half an inch in diameter. The upper surface 
has a prominent centrally located round opening, about 1 millimeter in 
diameter, which is the mouth. Other openings, each somewhat larger 
than a pinhead, encircle the mouth; these are called spiracles and served 
as outlets for the hydrovascular system. When the blastoid was alive, 
water flowed out of each spiracle. 
A well-preserved specimen reveals that the calyx is composed 
of 13 plates. If you examine the specimen more closely, you will note 
that these plates form three distinct tiers or bands which encircle the 
calyx. The lower tier includes three plates which are fittingly called 
basal plates (fig. 16). The most conspicuous calyx plates lie immediately 
above the basals and form perhaps three-quarters of the length of the 
calyx. Each of these five prominent plates is known as a radial plate. 
Five deltoid plates form the upper part of the calyx; each deltoid is 
supported by a part of two adjoining radial plates. Note that a spiracle is 
located above the apex of each detoid plate. 
Now let us rotate a well-preserved specimen while we view it 
laterally. Note the five elongate crossmarked areas which converge 
toward the mouth and which lie somewhat below the calyx surface. 
These conspicuous parts of the animal are called ambulacra (singular, 
ambulacrum); each ambulacrum (fig. 16) bisects a radial plate 
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and ends a short distance above the lower margin of the radial plate. 
Now let us look more closely at an ambulacrum. You will notice that a 
centrally located furrow extends the entire length of each ambulacrum 
and merges with the mouth on the upper surface of the skeleton; this 
furrow is called the main food groove. Numerous lateral food grooves 
extend outward from the main food groove to both margins of each 
ambulacrum. Food particles traveled along the lateral food groove to the 
main food groove along which they journeyed to the mouth. As each of 
the five ambulacra channeled food into the mouth, blastoids did not 
suffer from lack of nourishment. 
Distribution in Indiana.-Although blastoids are rare in 
Devonian rocks of Indiana, such species as Pentremites godoni (fig. 16) 
and Pentremites welleri (fig. 16) are abundant in Mississippian 
limestone. Pentremites commonly project from weathered surfaces of 
limestone, but these specimens frustrate the collector, as they are diffi­
cult to remove, even with a chisel, from the enclosing rock, The best 
specimens are obtained by sifting carefully the soil immediately 
adjoining the outcrop or by scrutinizing closely weathered shale partings 
which separate limestone beds. The best hunting grounds for these 
prized fossils are in western Harrison County, Crawford County, eastern 
Perry County, Orange, Lawrence, and Monroe Counties, and the eastern 
parts of Martin, Greene, and Owen Counties in south-central Indiana. 
Almost all blastoids in your collections will belong to the genus 
Pentremites, one of the best known of all echinoderm genera. A single 
well-preserved specimen is ample reward for a patient 2-hour search. 
CRINOIDEA 
Paleozoic crinoids, such as the Silurian species 
Eucalyptocrinites crassus (fig. 16), lived attached to the seafloor by a 
stem or column, but stemless free-floating types have lived since the 
latter part of the Triassic Period. Crinoids are known popularly as stone 
or sea lilies. The oldest crinoids of Ordovician age competed for 
anchoring space on the seafloor with corals, bryozoans, and 
stromatoporoids. Crinoids were abundant in the Mississippian Period, 
which is appropriately called “The Age of Crinoids.” Although many 
rocks of Mississippian age are crowded with fragmentary crinoids, 
complete skeletons are rare and cherished fossils. Crinoids of those 
bygone times typically lived in communities and are thus described as 
gregarious animals. 
A crinoid can be divided into three distinct parts: the calyx, 
composed of many calcareous plates which enclose the soft body 
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tissues; the rarely preserved arms or food-gathering devices, which grew 
upward from the top surface of the calyx and encircled the mouth; and 
the stem by which the animal was anchored to the seafloor. 
Stem.-The crinoid anchoring device ranges from a few inches to 
many feet long. The stem consists of many superposed disc- or saucer-
shaped plates, each known as a columnal. In cross section a columnal 
plate may be round, broadly ovate, or polygonal and bears a small 
central opening of variable shape. As the perforations in all columnal 
plates are aligned, a passageway, occupied in life by living tissue, 
extends down the central part of the stem. Larger stems bear small 
jointed appendages, which are known as cirri (singular, cirrus), and 
which aid in anchoring the animal to the bottom. Complete cirri are seen 
rarely, but the illustrated specimen (fig. 16) from Collecting Locality 17 
shows scars which indicate the former positions of these structures. 
Some formations may be identified by the crinoid stems they 
contain. For example, the Beech Creek Limestone, a formation of late 
Mississippian age in Indiana, can be recognized by its large crinoid 
stems, which may be nearly 1 inch in diameter and several inches long. 
Such robust stems are not found in any other late Mississippian 
formation in Indiana. Strange as it may seem, the calyx of this husky-
stemmed species has never been found. 
Calyx.-As has been noted previously, the calyx forms a pro­
tective armor of many calcareous plates surrounding the soft internal 
tissues. You will remember that blastoid calyx plates are arranged in 
three distinct tiers or bands. In contrast, the polygonal crinoid calyx 
plates tend to be arranged more irregularly and therefore more difficult 
to identify. 
Some crinoids have a calyx which has only two tiers of plates 
(fig. 17); those in the lower tier are basal plates, which support the radial 
plates of the upper tier. Such a calyx is monocyclic. Other crinoids not 
only have basal and radial plates but also show additional plates beneath 
the basals. These lowermost plates are infrabasals (fig. 17), and such a 
calyx is dicyclic. 
Many crinoids have other kinds of plates in addition to infra­
basals, basals, and radials so that the crinoid calyx is more complex 
architecturally than is the blastoid calyx. 
The upper surface of the calyx is called the roof or tegmen and 
consists of many small irregularly shaped and arranged plates that are 
firmly knit together. The mouth lies in the central part of the calyx. Food 
grooves diverge outward from the mouth and proceed across the tegmen 
to the base of the arms. 
Arms.-Crinoid arms (fig. 18) are highly evolved structures con­
sisting of hundreds or thousands of plates, each known as a brachial. 
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Each of the five arms of a crinoid joins the top margin of a 
radial plate on the upper periphery of the calyx; consequently, the arms 
encircle the tegmen or roof of the calyx. A crinoid arm divides 
repeatedly into many branches; arm division takes place at axillary 
plates (fig. 18). Slender jointed but unbranched appendages, known as 
pinnules, jut outward from the margins of the arms. 
Each arm, as well as its many branches, has a continuous food 
groove or ambulacrum. After food particles have been acquired by the 
arms, the tasty morsels travel down the food grooves on the arms and 
ultimately reach the mouth. Because crinoid arms branch repeatedly and 
are many times longer than the calyx, the crinoid obtains its food from a 
considerable volume of water. The foodgathering area is increased 
further as the crinoid calyx, perched delicately atop its stem, sways 
lazily under the gentle urging of oceanic currents through an even 
greater volume of water. Of all stemmed echinoderms, crinoids have the 
most efficient food-gathering system; perhaps this explains their 
survival. 
Distribution in Indiana- Crinoid columnal plates are 
common in Hoosier rocks ranging in age from Ordovician to 
Mississippian, inclusive;  these plates are far more abundant in limestone 
than in either sandstone or shale. In some limestone beds columnal 
plates are so plentiful that the rock is called a crinoidal limestone. In 
addition to isolated columnal plates, you undoubtedly will find parts of 
crinoid stems (fig. 16); most of these fragmentary stems range in 
diameter from one-eighth to one-half inch and may be several inches 
long. Although crinoid columnals are among our most abundant 
fossils, entire calyces are treasured because of their great 
Figure 17. --Types of crinoid calyces. 
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rarity. Armed with ample 
patience, however, you can find 
well-preserved calyces amid the 
weathered shale and impure 
limestone beds of Mississippian 
age in the upper part of the Mulzer 
Brothers quarry (Collecting 
Locality 13) and from weathered 
shale of middle Silurian age 
exposed in the upper part of the 
Vail Stone Co. quarry (Collecting 
Locality 6). 
Many years ago the Figure 18.—Diagram of
Hoosier State supplied exquisitely crinoid arm 
preserved crinoids which 
graced fossil collections in museums and universities throughout the 
world. These unexcelled specimens came from a collecting locality in 
Mississippian rocks near Crawfordsville; unfortunately, these 
fossiliferous beds are now inaccessible. 
DISTRIBUTION OF FOSSILS IN INDIANA 
STRATIGRAPHIC DISTRIBUTION 
Hoosier rocks range in age from Ordovician to Pennsylvanian 
(fig. 19). The oldest rocks are in eastern Indiana, and the youngest rock 
formations are in the southwestern part of the State. Most of our rock 
formations are fossiliferous, but you will find some particularly 
appealing because they contain a great number and variety of fossils. 
Further, some fossil groups predominate in certain rocks and may be 
absent or rare in others; consequently, if you wished to spend a day in 
collecting blastoids, you would likely look in vain for these fossils in 
pre-Mississippian beds. 
You will be fascinated with Ordovician rocks because they con­
tain excellently preserved fossils of many kinds. Moreover, Ordovician 
fossils can be collected readily, as many are found in soft gray shale 
from which they can be readily extracted. Still other Ordovician fossils 
may be collected from weathered material near exposures of these rocks. 
Your collection will consist mainly of bryozoans, brachiopods, corals, 
and stromatoporoids; in addition to these extraordinarily abundant 
fossils, you also will find gastropods, pelecypods, nautiloids, and 
trilobites. 
Silurian rocks yield mainly corals, brachiopods, and bryozoans, 
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Figure 19. --Generalized bedrock map of Indiana. 
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but other kinds of fossils, including trilobites and crinoids, can be 
collected. Unfortunately, much of Indiana underlain by Silurian rocks is 
buried beneath glacially deposited materials. This fact affects the 
number of Silurian outcrops from which fossils can be collected. Large 
quantities of Silurian fossils, however, can be collected from an 
abandoned quarry on the eastern outskirts of Sandusky in Decatur 
County (Collecting Locality 6). 
Devonian rocks in Indiana are noted for their abundant corals, 
stromatoporoids, and bryozoans, which commonly form widespread 
reefs. Brachiopods also are common in Devonian strata, but remains of 
crinoids, ammonites, nautiloids, gastropods, pelecypods, and trilobites 
are collected sparingly in Hoosier rocks of this age. 
Mississippian strata, occupying large areas in south-central 
Indiana, afford good collecting. Many rocks of this age furnish 
brachiopods, screw- and lacy-type bryozoans, and blastoids in 
abundance. Limestone of this age commonly is crowded with crinoid 
stems, but well-preserved crinoid calyces are rare. Crinoid stems can be 
obtained in large quantities from an exposure on Indiana Highway 46 a 
few miles east of Bloomington (Collecting Locality 17). Countless 
thousands of specimens of the foraminiferal species Endothyra baileyi 
(fig. 4) can be obtained from the Salem Limestone. Weathered detrital 
material in the abandoned Cleveland quarry (Collecting Locality 16) is 
an excellent hunting ground for Endothyra baileyi as well as small 
gastropods and other kinds of fossils. These small fossils can be 
observed with either a low-power microscope or a hand lens. 
In general, Pennsylvanian strata in the western part of the State 
prove discouraging for the fossil hunter; great thicknesses of sandstone 
are nearly devoid of recognizable fossils. Dark gray shales, typically 
associated with coal seams, commonly contain brachiopods whose shells 
may have a yellow-bronze luster, as they have been replaced by the iron 
sulphide minerals marcasite or pyrite. Thin limestone beds of 
Pennsylvanian age locally contain fossils, but these limestone beds are 
not well exposed for the most part. 
The fossil hunter can expect spectacular collecting in the late 
Ordovician rocks of southeastern Indiana. The collecting localities listed 
below are only a few of the thousands that can be found in the State. 
Collectors should obtain permission before entering quarries. 
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 COLLECTING SITES
 Collecting
 locality  Location 
1.	  Jefferson Lake section. NW¼SW¼ sec. 9, T. 4 N. , R. 
11 E., approximately 6 miles northeast of Madison, 
Jefferson County. Excellently preserved fossils of late 
Ordovician age can be obtained from weathered material 
along a road paralleling the south side of the lake and 
from the spillway near the east end of the lake. 
2.	      Riley Creek, Pennsylvania Railroad cuts, and ex­
posures along Indiana Highway 7. NW¼SE¼ sec. 34, T. 
4 N., R. 10 E., in the western and northwestern parts of 
Madison, Jefferson County. Classic exposures of late 
Ordovician age yield many fossils. 
3.	      Road cuts, U. S. Highway 50. Exposures on U. S. 
Highway 50 between the eastern part of Versailles and 
Laughery Creek in Ripley County. A series of road cuts 
will furnish many fossils of late Ordovician age. 
4.	  Wilson’s Fork section. NE¼NW¼¼ sec. 5, T. 5 N., R. 
12 E., 2 miles south and half a mile west of Cross Plains, 
a short distance northwest of Indiana Highway 62, in the 
northeast corner of Jefferson County. Beds of late 
Ordovician age are exposed for approximately 1,000 feet 
along the creek. Many fossils can be collected from these 
strata and from weathered material on nearby hillsides. 
5.	      Stuntz-Yeoman Co. quarry. SW¼SW¼ sec. 19, T. 25 
N., R. 2 W., near the northwest city limits of Delphi, 
Carroll County. Silurian brachiopods are exceedingly 
abundant in certain beds of this quarry. 
6.	  Vail Stone Co. quarry. NW¼NE¼ sec. 12, T. 3 N., R. 
9 E., 0.35 mile east of Sandusky, Decatur County. Many 
fossils of middle Silurian age can be collected from 
weathered material above the south quarry face. 
7.	      T. J. Atkins and Co., Inc. quarry. W¼ Grant 10, Clark 
Military Survey, 1 mile northeast of Claysburg, Clark 
County. Devonian strata will furnish many bra chiopods. 
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Collecting 
locality  Location 
8.  The France Stone Co. quarry. NE¼ sec. 27, T. 27 N. , 
R. 2 E. , 4.35 miles east of the center of Logansport and 
immediately north of U. S. Highway 24, in Cass County. 
Beds of Devonian age in the upper 16 feet of the quarry 
face contain many stromatoporoids and corals, most of 
which are difficult to extract from the surrounding rock. 
9.	  Falls of the Ohio River section. Along the north shore 
of the Ohio River near Dam 41, along the southwest 
edge of Jeffersonville, Clark County. Exposures of 
fossiliferous Devonian rocks extend nearly 1 mile 
downstream from the bridge. 
10.	  Louisville Cement Co. quarry. Grant 132 and 
southwest part of Grant 131, Clark Military Survey, 1 
mile northeast of Speed in Clark County. The upper 56 
feet of the quarry face abounds in Devonian corals and 
brachiopods. 
11.	      Scott County Stone Co. quarry. NE¼NW¼ sec. 20, T. 
3 N., R. 8 E., approximately 2 miles south of Blocher in 
Scott County. Many solitary and colonial corals can be 
collected in the lower part of the quarry face. Specimens 
are difficult to extract from enclosing limestone. 
12.  Meshberger Stone Co. , Inc. quarry. NE¼ sec. 6, T. 8 
N. , R. 7 E. , approximately 2 miles northeast of
Elizabethtown, Bartholomew County. Certain beds in the 
upper 48 feet of Devonian limestone in this quarry 
contain abundant stromatoporoids, brachiopods, and 
corals. The underlying brown or gray-brown strata, also 
of Devonian age, contain very few fossils. 
13.  Mulzer Brothers quarry. SW¼NE¼ sec. 10, T. 2 S., 
R. 2 W., approximately 2.1 miles north of the junction of 
Indiana Highways 145 and 64, Crawford County. A 
great variety of well-preserved fossils of Mississippian 
age can be found in weathered shale and impure lime­
stone that have been discarded in quarrying operations. 
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Collecting 
locality  Location 
14.	  Ray’s Cave section. NW¼NE¼ sec. 13, T. 7 N., R. 4 
W., approximately 2,000 feet northeast of the 
unincorporated village of Ridgeport on Indiana Highway 
54, Greene County. The upper 5 feet of the prominently 
exposed limestone bears large crinoid stems and other 
fossils of Mississippian age. The cave maybe followed 
several hundred feet from its mouth. 
15.	      Lutgring and Sons quarry. NE¼ sec. 18, T. 4 S. , R. 1 
W., north side of a road 0.6 mile east of Branchville, Perry 
County. Weathered rock discarded in quarry operations 
yields many fossils of late Mississippian age. 
16.	  Cleveland quarry. SE¼NW¼ sec. 20, T. 7 N., R. 1 W., 
about 1 mile north of Harrodsburg, Monroe County. 
Weathered material from Salem Limestone (Indiana 
limestone) contains countless specimens of Endothyra 
baileyi (fig. 4) and other small fossils. Best collecting is 
from weathered detrital material on quarry floor. 
17.	  Road cut, Indiana Highway 46. SW¼NE¼ sec. 4, T. 8 
N., R. 1 E., on north side of Indiana Highway 46, 
approximately 52' miles east of Bloomington, Monroe 
County. Crinoid stems of Mississippian age are abundant at 
this locality. 
CONCLUSION 
You now have a basic knowledge of paleontology, the study of 
ancient life. You know what fossils are; the factors that influence their 
preservation; how fossils are classified; and the usefulness of fossils to 
the geologist and the zoologist. You also possess a fundamental 
knowledge of the major kinds of invertebrate animals that lived in the 
geologic past. 
The following generalizations should be kept in mind, as they 
are of fundamental importance in geology and paleontology: 
1.  The enormity of geologic time. 
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2. 	 The ever-changing outlines of North America and 
other continents. The ocean has covered large areas of our 
continent many times in the geologic past, and Indiana 
repeatedly has been a seafloor in Paleozoic time. 
3. 	 Life has changed greatly. Many once -flourishing 
races have become extinct and are known only through 
their fossils; other races, now insignificant animals in 
present-day fauna, are destined to ascend to ruling 
positions among the faunas of the future. 
4. 	 Many major kinds of animals, such as blastoids, 
ammonites, stromatoporoids, and trilobites, have humble 
obscure beginnings, rise to a racial climax, and then 
decline to extinction. 
5. 	 Species have short lifespans in geologic time. Their 
brief lifetime permits correlation of rock units by their 
fossils and the compilation of paleogeographic maps 
showing the positions of ancient lands and seas. 
GLOSSARY OF TERMS 
Abbreviations used in giving etymological derivations of 
terms are: Am. Ind., American Indian; A. -S. , Anglo-Saxon; Fr., 
French; Gael., Gaelic; Gr., Greek; It. , Italian; Lat., Latin; M. E., Mid­
dle English; Russ. , Russian; and Sp. , Spanish. 
Acanthopore (Gr. akantho, spiny; poros, pore). Minute cylindrical tube 
or pore commonly associated with zooecial wall in Bryozoa. 
Agglutinate (Lat. agglutinatus, glued). In Foraminifera a test composed 
of sand grains or other small foreign particles cemented together; 
these materials have been obtained by the foraminifer from its 
immediate surroundings. 
Ambulacrum (Lat. ambulacrum, an alley). In Blastoideaone of five 
areas extending from the oral surface toward the base of the calyx; 
each ambulacrum includes main and lateral food grooves. 
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Ammonoidea (Lat. [cornu] Ammonis, [horn] of Ammon; from like ness 
to a ram's horn). A large group of extinct cephalopods having 
more complex sutures than nautiloids. Etymology of name 
suggested by the shape of some ammonite shells which resemble 
the horn of a ram. 
Antennule (Lat. antenna, feeler of an insect; ulus, diminutive suffix). 
Delicate segmented structures attached to the under side of the 
cephalon of a trilobite and extending anteriorly; also found in 
many other arthropods. 
Anthozoa (Gr. anthos, flower; zoa, animals). A large class of the 
phylum Coelenterata. This class includes all corals. Etymology of 
name alludes to flowerlike appearance suggested by tentacles of 
coral polyps. 
Aperture (Lat. apertura, an opening). The major opening of shells of 
Foraminifera, Gastropoda, Nautiloidea, and Ammonoidea. 
Apex (Lat. apex, summit). In Gastropoda the extremity of the shell 
opposite the aperture. 
Appendage (Lat. from appendere, to hang or attach). A limb or leg. 
Most arthropods bear appendages. 
Archeozoic (Gr. archaios, ancient; zoe, life). The oldest era of geologic 
time, whose rocks either lack fossils or contain rare fragmentary 
remains of primitive life. 
Arenaceous (Lat. arena, sand). See agglutinate. 
Arm (Lat. armus, arm). One of several food-gathering structures found 
in Crinoidea. 
Arthropoda (Gr. arthron, joint; pous [podos], foot). The largest 
invertebrate phylum, whose members have segmented or jointed 
appendages  (limbs), as is suggested by the etymology of the 
name. 
Articulate brachiopod (Lat. articulatus, furnished with joints). A 
brachiopod having special structures, akin to joints, on the hinge 
to assist in holding the valves together. 
Atoll (Maldivian, pertaining to Maldive Islands, atolu). A coral island 
consisting of a belt of coral reef surrounding a central lagoon. 
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Axial lobe (Lat. axis, axis; lobus, rounded division). The central 
longitudinal division of the body of a trilobite extending anteriorly 
from within the pygidium to within the cephalon. 
Axial segment (Lat. axis, axis; segmentum, something cut off or 
severed). The central ringlike division of a thoracic segment of a 
trilobite. 
Axillary plate (Lat. axilla, armpit). In Crinoidea the plate where 
division of the arm takes place. 
Basal plate (Lat.. bassus, low). In Blastoidea and Crinoidea one of the 
plates forming the calyx. 
Beak (Gael. bac, hook). In Brachiopoda the incurved arched and 
somewhat swollen central-posterior part of a valve. In Pelecypoda 
the earliest formed somewhat swollen and pointed part of the 
shell, generally pointing toward the anterior margin of the valve. 
Belemnoidea (Gr. belemnon, dart; oeides, like). A large group of 
cephalopods. Etymology of the name alludes to the characteristic 
shape of the belemnite shell. 
Biconvex (Lat. bi, akin to bis, twice; convexus, arched). A brachiopod 
shell in which both valves are of equal or nearly equal convexity. 
Biformed (Lat. bi, akin to bis, twice). A foraminiferal test which 
displays two different kinds of chamber arrangement, as a test in 
which the first-formed chambers are biserial and later chambers 
are uniserial. 
Bilateral symmetry (Lat. bi, akin to bis, twice; latus, side; symmetria, 
proportion). Symmetrical with respect to a plane. 
Biology (Gr. bios, life; logia, study). The science dealing with the study 
of animals and plants. 
Biserial (Lat. bi, akin to bis, twice; serere, to place or arrange). In 
Foraminifera a test composed of two rows of alternating 
chambers. 
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Blastoidea (Gr. blastos, bud; oid, like). Marine sessile extinct animals 
constituting a class of the phylum Echinoderma. A blastoid calyx 
has 13 plates. The etymology of the name refers to the shape of 
the blastoid calyx, which resembles a flower bud. 
Body whorl (A. -S. bodig, body; M. E. wharle, whorl of a spindle). 
The lowermost or last-formed whorl in a gastropod shell. 
Brachia (Lat. brachium, arm). Rarely preserved stru ctures in 
Brachiopoda that are used in feeding and respiration. 
Brachial plate (Lat. brachium, arm). In Crinoidea one of the plates 
forming the arm. 
Brachial valve (Lat. brachium, arm; valva, leaf of folding door). In 
Brachiopoda the valve containing the brachia; also known as 
dorsal valve. 
Brachiopoda (Gr. brakhion, arm; pous [podos] , foot). A large phylum 
of invertebrate animals whose soft parts are enclosed by two 
shells (valves) that differ in size. Etymology of name is based on 
the erroneous belief of early students that the brachia and the 
mollusk foot were of similar structure. 
Branches (Lat. branca, paw, claw). Calcareous rodlike structures, 
mostly less than half a millimeter in diameter, in Fenestella and 
related bryozoans. 
Bryozoa (Gr. bryon, moss; zoon, animal). A phylum of aquatic largely 
marine sessile colonial animals. Etymology of name alludes to 
mosslike appearance imparted to animal by many small tentacles 
extending above surface of colony. 
Calyx (Gr. kylix, cup). In Echinoderma the skeleton generally 
consisting of calcareous plates and housing the soft tissues. 
Cambrian (Lat. Cambria, a part of Wales where rocks of this age were 
first studied). The oldest period of the Paleozoic Era. 
Cast. A form of preservation resulting from solution of shells and the 
subsequent filling of the cavities so formed by minerals carried in 
solution in ground water. 
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Cenozoic (Gr. kainos, recent; zoe, life). A geologic era succeeding the 
Mesozoic Era. Modern kinds of animals were developed during 
Cenozoic time. 
Cephalon (Gr. kephale, head). The anterior division of a trilobite body. 
Cephalopoda (Gr. kephale, head; pous [podos], foot). A large class of 
mollusks which includes nautiloids, ammonites, and belemnites. 
The etymology of the name refers to the position of the foot near 
the mouth. 
Chamber (Fr. chambre, room). In Foraminifera the basic structural unit 
of which all tests are composed, consisting of a cavity and its 
surrounding wall and bounding septa. In Nautiloidea and 
Ammonoidea the space within the conch that is bounded by two 
adjacent septa; also known as camera. 
Chitin (Gk. chiton, coat of mail). A tough resistant organic substance 
commonly forming a hard protective covering (exoskeleton) in 
many arthropods. 
Chordata (Lat. chorda, cord). A phylum to which all vertebrate animals 
are assigned. 
Cirrus (Lat. cirrus, coil or ringlet). In Crinoidea a small jointed 
appendage extending from the column or stem. 
Class (Lat. classis, group). A large taxonomic division or compartment 
that is smaller than a phylum and larger than an order, such as 
class Mammalia. 
Classification (Lat. classis, group; facere, to make). Arrangement or 
grouping of animals according to their structures. 
Coal (A. -S. col, a burning coal). A black or brownish-black com­
bustible carbonaceous substance formed by decomposition and 
compaction of plant material. Coal is associated with rocks in the 
earth's crust and commonly is regarded as a mineral. 
Coelenterata (Gr. koilos, hollow; enteron, intestine). A phylum of 
invertebrate animals having a digestive cavity enclosed by a three-
layered body wall, tentacles about the mouth, and mostly having 
calcareous skeletal parts. 
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Colonial animal. An organism composed of many physiologically 
complete individuals, such as a bryozoan. 
Column (Lat. columen, pillar, column). In Pelmatozoa a structure for 
attaching the animal to the seafloor. 
Columnal plate (Lat. columen, pillar, column). In Pelmatozoa one of 
many similar plates forming the column or stem. 
Commissure (Lat. commissura, a joining together). The line of union 
along which the lateral and anterior margins of brachiopod valves 
are in contact. 
Concavo-convex (Lat. cavus, hollow; convexus, arched). A brachiopod 
shell in which the brachial valve is concave and the pedicle valve 
is convex. 
Conispiral (Lat. conus, cone; spira, a coil, twist). A gastropod shell in 
which coiling departs from a horizontal plane. 
Coquina (Sp. coquina, shellfish). A rock in which fossil shells are 
exceedingly abundant and in contact with one another. 
Corallite (Lat. corallum, coral). In Anthozoa an individual calcareous 
tube fo rmed by a polyp. 
Corallum (Lat. corallum, coral). A coral colony or a complete skeleton 
of a solitary coral. 
Correlation (Lat. cum, together; relatus, related). Determination of 
mutual age relationships of rock units. 
Costae (Lat. costa, rib). In Brachiopoda prominent ridges extending 
from the beaks of the valves to their anterior and lateral margins. 
Cretaceous (Lat. creta, chalk). The closing period of the Mesozoic Era. 
The etymology of the name refers to chalk cliffs of Europe where 
rocks of this age were first studied. 
Crinoidea (Gr. krinon, lily; oid, like). Marine typically sessile animals 
forming a class in the phylum Echinoderma. Etymology of name 
suggests the lilylike appearance imparted to a crinoid by its long 
flexible arms. 
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Cryptostomata (Gr, kryptos, hidden; stomata, mouth). An order of 
Paleozoic bryozoans. Etymology of the name suggested because 
the true aperture of the zooecium is below the surface of the 
zoarium and thus is concealed. 
Cyst (Gr. kystis, sac, bladder). Structures that are typically crescentic 
and convex outward in stromatoporoids. 
Cystoidea (Gr. kystis, bladder; oid, like). An extinct class of the 
phlyum Echinoderma. The etymology of the name alludes to the 
bladderlike shape of the calyx. 
Deltoid plate (Gr. deltoeides, delta-shaped). In Blastoidea one of five 
small plates forming the upper part of the calyx. 
Devonian (from Devon, a county in England where rocks of this age 
were first studied). A period in Paleozoic time intervening 
between the Silurian and Mississippian Periods. 
Diaphragm (Lat. diaphragma, partition). In Bryozoa a thin horizontal 
calcareous partition extending across a zooecium or mesopore. 
Dicyclic (Gr. dis, twice; kyklos, ring, circle). In Crinoideaa calyx 
having basal and infrabasal plates below the radial plates. 
Dinosaur (Gr. deinos, terrible; saura, lizard). A reptile that lived in 
Mesozoic time. The etymology of the name alludes to the 
awesome appearance of these reptiles, some of which attained 
gigantic size. 
Dissepiment (Lat. dissaepimentum, from dissaepire, to hedge in, 
enclose). A short barlike structure uniting two adjacent branches 
of a bryozoan colony. 
Dorsal valve (Lat. dorsum, back). That valve of a brachiopod which 
contains the brachia; also known as the brachial valve. 
Dorsi-convex (Lat. dorsum, back; convexus, arched). A brachiopod 
shell in which the brachial valve is conspicuously more convex 
than the pedicle valve. 
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Echinoderma (Gr. echinos, spiny; derma, skin). A large phylum of 
marine invertebrate animals which have hydrovascular systems 
and skeletons or calyces composed of many calcareous plates. 
The etymology of the name alludes to the spiny appearance of 
some echinoderms. 
Echinoidea (Gr. echinos, designation for both hedgehog and sea urchin; 
oid, like). A large class of the phylum Echinoderma. This class 
includes animals popularly called sea urchins. 
Ecology (Gr. oikos, house; logia, study). A science and branch of 
biology that deals with the relationships of organisms to one 
another and to their environment. 
Ectoderm (Gr. ektos, outside; derma, skin). The outer layer of the body 
wall of sponges and coelenterates. 
Edrioasteroidea (Gr. hedrion, seat; aster, star; oid, like). An extinct 
insignificant class of the phylum Echinoderma. The edrioasteroid 
skeleton resembles a seat or cushion on which the five ambulacral 
grooves form a star; hence the etymology of the name. 
Eleutherozoa (Gr. eleutheros, free; zoion, animal). A subphylum of the 
phylum Echinoderma. All free-moving echinoderms (stelleroids, 
holothuroids, and echinoids) are assigned to this subphylum. The 
etymology of the name refers to the mode of life of these 
echinoderms. 
Endoderm (Gr. endon, within; derma, skin, covering). The inner layer 
in the body wall of sponges and coelenterates. 
Environment. Physical and biological conditions which surround an 
animal. 
Equivalve (Lat. aequus, equal; valva, leaf, fold, or valve of a door). 
Having valves or shells of equal size and shape, as in most 
pelecypods. 
Era (Lat. aera, era). A great interval of geologic time which is 
subdivided into lesser time units known as periods. 
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Eurypterid (Gr. eurys, broad; pteron, wing). A large aquatic arthropod 
having a conspicuously segmented body and prominent ventral 
appendages in the anterior part of the animal. The etymology of 
the name alludes to the broad winglike or paddle like appendages, 
which probably were used for swimming. 
Evolution (Lat. evolution, an unrolling). A concept maintaining that 
presently living animals have orginated from those living in the 
geologic past through a series of anatomical changes. 
Exoskeleton (Gr. exo, outside; skeleton, dried body, mummy). An outer 
protective armor, generally composed of chitinous material and 
found in many arthropods. 
Family (Lat. familia, household). A taxonomic division or compartment 
of smaller rank than order and generally including several genera, 
such as the family Fusulinidae. 
Fauna (Lat. Fauna, sister of Faunus, the Roman god or patron of animal 
life). The total assemblage of animals living at the same time in a 
given area. 
Fold. In Brachiopoda an elevated area extending from the beak of the 
brachial valve to its anterior margin. 
Food grooves. In Echinoderma linear depressions on or somewhat 
below the surface of the calyx and extending onto the arms. 
Foramen (Lat. forare, to bore or pierce). In Foraminifera one of several 
small openings in each septum by which adjacent chambers are 
confluent. 
Foraminifera (Lat. foramen, opening; ferre, to bear). A large order of 
the phylum Protozoa; includes marine single -celled animals which 
fashion shells of one or more chambers. The etymology of the 
name refers to small openings (foramina) between the chambers. 
Formation. A term applied in geologic mapping to rocks of the same 
type that were formed at the same time and that are recognizable 
over wide areas. 
Fossil (Lat. fossilis, something dug up). The remains of an animal 
which lived in the geologic past. 
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Fossilization. The process by which animal skeletons become fossils. 
Fusulinidae (Lat. fusus, spindle). A familyof structurally complex 
Foraminifera. Most members of this family have a spindle shaped 
test. 
Gastropoda (Gr. gaster, stomach; pous [podos], foot). A large class of 
mollusks; includes animals popularly called snails. Etymology of 
name refers to the ventral position of the foot. 
Genus (Lat. genus, race, kind). A taxonomic division or compart ment 
which generally includes several species that are closely related 
biologically and structurally (anatomically), such as the genus 
Platystrophia. 
Geology (Gr. geo, earth; logia, study). The science concerned with the 
history and structure of the earth as interpreted by the study of 
rocks. 
Glabella (Lat. glabellus, smooth). In Trilobita that part of the axial lobe 
within the cephalon. 
Gregarious (Lat. grex [gregis ] , a flock). Tending to live in com­
munities, as crinoids do. 
Habitat (Lat. from habitare, to dwell). The natural abode of an animal. 
Hexacoralla (Gr. hex, six; korallion, coral). An order of the phylum 
Coelenterata which includes corals having six primary (first­
formed) septa. 
Hinge line. The posterior line of union of brachiopod valves; on 
opening the valves turn or rotate about the hinge line. 
Holothuroidea (Gr. holothurion, a kind of water polyp; oid, like). An 
insignificant class belonging to the phylum Echinoderma and 
having a sparse fossil record. The etymology of the name refers to 
the polyplike (saclike) appearance of these invertebrates, which 
popularly are called sea cucumbers. 
Hydractinia  (Gr. hydra, water serpent; aktinos, ray). A marine hydroid 
genus. 
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Hydrotheca. (Gr. hydra, water snake, sea serpent; theke, a case). 
Protective chitinous material surrounding a coelenterate polyp. 
Hydrovascular system (Gr. hydor, water; vasculum, small vessel). In 
Echinoderma canals or tubes within the body through which water 
circulates. 
Hydrozoa (Gr. hydor, water; zoion, animal). A large class of the 
phylum Echinoderma. 
Imperforate (Lat. im, not; perforatus, perforated). In Foraminifera a test 
whose walls are not pierced by small openings or pores. 
Index fossil (Lat. from indicare, to point out; fossilis, something dug 
up). A fossil that is found abundantly, can be identified readily, 
and is of restricted range in geologic time. 
Infrabasal plate (Lat. infra, below in position; bassus, low). In 
Crinoidea one of several plates lying immediately beneath the 
basal plates and forming the lowest part of the calyx, 
Invertebrate (Lat. in, not; vertebra, joint of spine). Any animal lacking a 
backbone or spinal column. 
Jurassic (from Jura Mountains on the France-Switzerland border). A 
period of the Mesozoic Era intervening between the Triassic and 
Cretaceous Periods. 
Lamina (Lat. lamina, thin layer). A layer in a stromatoporoid skeleton. 
Lateral food groove (Lat. latus, flank, side). In Blastoidea one of many 
grooves or depressions extending from the main food groove to 
the margin of the ambulacrum. 
Limpet (A. -S. lempedu, lamprey, limpet). A sessile marine gastropod 
having a low conical shell and usually living in intertidal areas. 
Loculus (Lat. loculus, small compartment). A chamber in a fora­
miniferal test; more commonly called chamber. 
Longitudinal section. In Bryozoa a section parallel to the axes of the 
zooecia. 
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Main food groove. In Blastoidea a linear depression that is centrally 
located in the ambulacrum and extends from the mouth to the 
aboral end of the ambulacrum. 
Mammalia (Lat. mamma, breast). A class of vertebrate animals that 
suckle their young and commonly have hair on their bodies. 
Mammoth (Russ. mammot, of obscure origin). A large extinct hairy 
animal that is related to the modern elephant and that had 
prominent upwardly curving tusks. 
Mantle (Lat. mantellum, cloak). A membranous tissue lining the 
interior of a molluscan shell. 
Marcasite (Fr. word of obscure origin). A common yellow or bronze-
yellow mineral of metallic luster that is an iron disulphide. 
Mesogloea (Gr. mesos, middle; gloios, a gluey substance). A layer in 
the body wall of sponges and coelente rates between the ectoderm 
and the endoderm. 
Mesopore (Gr. mesos, middle; poros, opening, pore). A tube in a 
zoarium that is smaller than a zooecium and that contains many 
diaphragms. 
Mesozoic (Gr. mesos, middle; zoe, life). A geologic era following the 
Paleozoic and preceding the Cenozoic. Rocks of this age contain 
fossils of animals intermediate between the ancient Paleozoic 
kinds of life and modern types of life developed in the Cenozoic. 
Microfossil.. (Gr. mikros, small; Lat. fossilis, something dug up). Any 
fossil which requires microscopic examination for its accurate 
identification and effective study. 
Millepora  (Lat. mille, thousand; pores, pore). A marine hydroid genus. 
Mississippian (Am. Ind. missi, great; sepe, water). A period of geologic 
time intervening between the Devonian and Pennsylvanian 
Periods. Rocks of this age are well developed in the upper 
Mississippi Valley. 
Mold. A form of preservation of a fossil in which original shell material 
is not preserved. 
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Mollusca (Lat. mollusca, a kind of soft nut with a thin shell). A large 
phylum of invertebrate animals which includes snails, clams, 
ammonites, nautiloids, belemnites, and less significant kinds of 
animals. The etymology of the name suggests that a typical 
mollusk is a soft-bodied creature within some kind of a shell. 
Monaxon (Gr. monos, one; axon, axis). A rodlike spicule found in 
sponges. 
Monocyclic (Gr. monos, one; kyklos, ring, circle). In Crinoidea a calyx 
having only basal plates below the radial plates. 
Monothalamous (Gr. monos, one; thalamos, chamber). A fora minifer 
whose test consists  of a single chamber. 
Monticule (Lat. monticulus, small mountain). A small protuberance 
that rises above the surface of a bryozoan zoarium and that is 
typically composed of zooecia above average in size. 
Multilocular (Lat. multi, many; loculus, small compartment). A 
foraminiferal test consisting of more than one chamber; syn­
onymous with polythalamous. 
Mussel (Lat. musculus, mussel). A kind of clam. 
Nautiloidea (Gr. nautilos, sailor). A large group of cephalopods that has 
an impressive fossil record but that is now represented by a single 
genus. Nautiloids have simple sutures, which distinguish them 
from ammonites. Poets picturesquely believed that these animals 
were furnished with a membrane which served as a sail. 
Order (Lat. ordo, series, order). A taxonomic division or compartment 
of smaller rank than a class and of larger rank than a family, such 
as the order Foraminifera. 
Ordovician (Lat. Ordovices, a Roman name for a Celtic tribe living in a 
part of Wales where these rocks were first studied). A period of 
the Paleozoic Era intervening between the Cambrian and Silurian 
Periods. 
Organic Evolution. See Evolution. 
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Paleogeography (Gr. palaios, old; geo, earth; graphe, writing). A 
science concerned with the study of geographic conditions, 
mainly the locations of land and sea areas, of the geologic past. 
Paleontology (Gr. palaios, old; onta, beings; logia, study). A science 
and subdivision of geology that deals with life of the geologic past 
by studying remnants of ancient life, namely, fossils, that are 
preserved in the rocks of the earth's crust. 
Paleozoic (Gr. palaios, ancient; zoe, life). An era of geologic time 
following the Proterozoic and preceding the Mesozoic. Rocks of 
this age contain fossils of many extinct kinds of animals. 
Pedicle (Lat. pediculus, little foot, footstalk). The fleshy stalk by which 
a brachiopod is fastened to the seafloor. 
Pedicle opening (Lat. pediculus, little foot). A small opening in the 
pedicle valve of a brachiopod through which the pedicle emerges; 
also known as foramen. 
Pedicle valve (Lat. pediculus, little foot; valva, leaf of folding door). In 
Brachiopoda the valve containing the pedicle and the foramen 
(pedicle opening). 
Pelecypoda (Gr. pelekys, hatchet; pous [podos], foot). A large class of 
mollusks which includes animals popularly called clams. The 
etymology of the name alludes to the wedge-shaped foot which 
resembles a hatchet in shape. 
Pelmatozoa (Gr. pelma [pelmatos], sole of foot; zoion, animal). A 
subphylum of the phylum Echinoderma. All sessile echinoderms 
(cystoids, blastoids, crinoids, and edrioasteroids) are assigned to 
this subphylum. The etymology of the name, although not 
particularly appropriate because pelmatozoans do not have a foot, 
suggests that these echinoderms are attached to the seafloor on 
their lower side. 
Pennsylvanian (from Pennsylvania where rocks of this age are well 
developed). A period of the Paleozoic Era intervening between 
the Mississippian and Permian Periods. 
Period (Gr. periodos, a length of time). An interval of geologic time of 
less duration than an era, such as the Ordovician Period. 
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Permian (from Perm, a province in east-central Russia where these 
rocks were first described). The closing period of the Paleozoic 
Era. 
Phylum (Gr. phylon, race, tribe). A large taxonomic division or 
compartment which includes all animals having one or more 
major structural features in common, such as the phylum 
Arthropoda. 
Pillar (Lat. pila, pillar). A rodlike structure in stromatoporoids. 
Pinnule (Lat. pinnula, small feather). In Crinoidea a slender jointed 
unbranched appendage on a crinoid arm. 
Planispiral (Lat. planus, flat; spira, coil). Coiled in one plane. 
Plano-convex (Lat. planus, flat; convexus, arched). A brachiopod shell 
in which the brachial valve is flat and the pedicle valve is convex.. 
Pleural lobe (Gr. pleura, side; lobos, lobe, rounded division). One of 
two longitudinal divisions of the body of a trilobite flanking the 
axial lobe. 
Pleuron (Gr. pleura, side). In Trilobita that part of a thoracic segment 
flanking the axial segment. 
Polyp (Gr. polypous, many-footed). The individual coelenterate having 
tentacles about the mouth and a digestive cavity surrounded by a 
three-layered body wall. 
Polythalamous (Gr. polys, many; thalamos, chamber). A fora minifer 
whose test consists of two or more chambers; synonymous with 
multilocular. 
Porifera (Lat. porus, pore; ferre, to bear). A phylum of invertebrate 
animals that have conspicuous pores or canals through the body 
wall. Members of this group are popularly called sponges. 
Proterozoic (Gr. proteros, former; zoe, life). An era of geologic time 
intervening between the Archeozoic and Paleozoic Eras. 
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Protozoa (Gr. protos, first; zoion, animal). A phylum which in cludes 
animals composed of a single cell. These simple animals may 
have been the first living creatures in primordial oceans. 
Pygidium (Gr. pyge, rump). The posterior division of a trilobite body. 
Pyrite (Gr. pyrites lithos, a mineral which strikes fire). A common pale 
brass-yellow mineral of metallic luster that is an iron disulphide. 
Radial plate (Lat. radius, spoke of wheel). In Blastoidea and Crinoidea 
one of the plates forming the calyx. 
Reef (M. E. riff, reef). An accumulation of animals and their skeletal 
remains whose upper surface is near sea level. 
Roof (A. -S. hrof, top, roof). The upper surface of a crinoid; also called 
tegmen. 
Segment (Lat. segmentum, something cut off or severed). A division or 
part of an arthropod body. 
Septum (Lat. septum, fence). In Foraminifera, Nautiloidea, and 
Ammonoidea a thin partition between adjacent chambers. In 
Anthozoa a platelike calcareous partition extending inward from 
the wall of the corallite. 
Sessile (Lat. from sedere, sessum, to sit). Attached, generally to the 
seafloor. 
Silicification (Lat. silex, silicis, a flint). A form of preservation 
resulting from the replacement of original shell material by silica 
(SiO2) carried in solution by circulating ground water. 
Silurian (Lat. Silures, an ancient tribe in Britain occupying the area 
where these rocks were first studied). A Paleozoic period 
intervening between the Ordovician and the Devonian Periods. 
Socket. In Pelecypoda a cavity associated with the hinge line. The teeth 
fit into this recession. 
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Species (Lat. species, a particular sort or kind). A taxonomic division 
or compartment to which all animals having the same anatomical 
features are assigned. 
Spicule (Lat. spica, spike, sharp point). A calcareous or siliceous 
structure of one or several axes found in the mesogloea of 
sponges. 
Spiracle (Lat. spiraculum, from spirare, to breathe). One of five 
openings about the mouth of a blastoid. 
Spire (Lat. spira, a coil, twist). That part of a gastropod shell exclusive 
of the body whorl. 
Stelleroidea (Lat. stella, star; Gr. oid, like). A class of the phylum 
Echinoderma. The etymology of the name alludes to the starlike 
appearance of animals in this class which have a sparse fossil 
record. Animals in this class popularly are called starfish. 
Stem. See Column. 
Striae (Lat. stria, furrow). Ridges extendingfrom the beaks of the valves 
to their anterior and lateral margins in Brachiopoda. 
Stromatoporoidea (Gr. stroma, bed; poros, pore; oid, like). Extinct reef-
forming coelenterates usually regarded as an order in the class 
Hydrozoa. 
Sulcus (Lat. sulcus, furrow). In Brachiopoda a troughlike depression 
extending from the beak of the pedicle valve to its anterior 
margin. 
Suture (Lat. sutura, sewing). In Foraminifera, Nautiloidea, and 
Ammonoidea a line of union between adjacent chambers. In 
Gastropoda the line of union between adjacent whorls. 
Tabula (Lat. tabula, table). A thin calcareous horizontal platform or 
partition in a corallite. 
Tabulata (Lat. tabula, table). An extinct order of corals which thrived in 
Paleozoic time. Members of this order have well-developed 
tabulae. 
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Tangential section. In Bryozoa a section parallel to the surface of the 
zoarium. 
Taxonomy (Gr. taxis, arrangement). The orderly arrangement of 
animals into compartments (phylum, class, etc.) according to their 
structures. Synonymous with classification. 
Teeth. Projections of calcareous material closely associated with the 
hinge line and assisting the muscles in keeping the valves together 
in Pelecypoda. 
Tetracoralla (Gr. tetra, four; korallion, coral). An extinct order of the 
phylum Coelenterata which includes corals having four primary 
(first-formed) septa. 
Tegmen (Lat. tegmen, from tegere, to cover). In Crinoidea the upper 
surface of the calyx consisting of many small plates and 
containing the mouth. 
Tentacle (Lat. tentaculum, from tenare, to feel). In Coelenterata one of 
several structures surrounding the mouth of the polyp. 
Tertiary (Lat. tertius, third). A period of the Cenozoic Era; succeeds 
Mesozoic (formerly called Secondary) Era. 
Test (Lat. testa, shell). The shell of a foraminifer. 
Thoracic segment (Gr. thorax, chest; Lat. segmentum, something off). 
In Trilobita a transverse division of the thorax. 
Thorax (Gr. thorax, chest). The central transverse division of the body 
of a trilobite separating the pygidium and cephalon. 
Trepostomata (Gr. trepein, to turn; stomata, mouth). An order of 
Paleozoic bryozoans. The etymology of the name alludes to 
changes in positions of the zooecial apertures during the growth 
of the colony. 
Triassic (Gr. trias, a group of three). The opening period of the 
Mesozoic Era. The etymology of the name refers to the original 
threefold division of rocks formed at this time. 
Trilobita (Lat. tri, three; lobus, lobe). An extinct class of the phylum 
Arthropoda. The etymology of the name alludes to the transverse 
and longitudinal division of the body into three parts or lobes. 
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Triradiate (Lat. and Gr. tri, three; radius, rod). A spicule consisting of 
three axes in the same plane and diverging from a common 
junction point. 
Unilocular (Lat. uni, from unus, one; loculus, small compartment). A 
foraminiferal test having one chamber; synonymous with 
monothalamous. 
Uniserial (Lat. uni, from unus, one; serere, to arrange). In Foraminifera 
a test composed of chambers that are arranged linearly. 
Valve (Lat. valva, leaf, fold, or valve of a door). In Brachiopoda and 
Pelecypoda one of the two shells enclosing the soft tissues of the 
animal. 
Ventral valve (Lat. ventralis, belly; valva, leaf, fold, or valve of door). 
In Brachiopoda the valve containing the pedicle opening; 
synonymous with pedicle valve. 
Vertebrate (Lat. vertebra, joint of spine). An animal having a backbone 
or spinal column. 
Wall. In Foraminifera the material, commonly calcareous, enclosing the 
chambers. 
Whorl (M. E. wharle, the whorl of a spindle). A complete volution or 
turn of the shell about its axis of coiling, as in many gastropod 
shells. 
Zoarium (Gr. zo ion, animal). A bryozoan colony. 
Zooecium (Gr. zoo, from zoion, animal; oikos, house). A tube, 
generally calcareous, of a bryozoan colony that houses a physi­
ologically complete animal. 
Zoology (Gr. zoion, animal; logia, study). The science concerned with 
the study of animal life. 
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